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PREVACE , 


The following notes are temporarily placed in this form in 
order to save much time in dictation and writing. they cover the 
work given in the laboratory during the first four weeks of each 


course and are to be used in connection with the printed "DIRECTIONS". 


F. G. NOVY. 
, March 29, 1897. 
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CHAPTER I. 


Piao 8, 


PREPARATION OF PURE FAT. 


1). Cut up 10g of subcutaneous pork fat, or of suet, into as 
Small pieces as possible. Place in @ small evaporating dish, 
21/2-5 inches in diameter, and cautiously heat over a small flame 
Stirring continually with a thermometer. Keep the temperature at 
120°-130° * for about 10 minutes. hen strain through a small 
piece of muslin and squeeze thoroughly, receiving-the clear fat in 


an evaporating dish(4 inch). Transfer the residue to a-small mortor, 


edd about 5cce of strong alcohol and rub up fine. Transfer the sus~ 
pension now to a 75cc Erlenmeyer flask, rinsing out the mortor with 
sevéral successive small portions of alcohol. Insert into the neck 
of the flask a stopper provided with a condensing tube about 24 
inches tong. Heat on the water-bath to boiling for 10 minutes. 
Then set aside and when the suspended particles have settled decant 
the clear alcohol into a small filter and receive the alcoholic 
filtrate in the evaporating dish containing the bulk of the fat. | 
To the insolv ble residue remaining in the flask, add 20ce of ether, 
insert condensing tube, and cautiously boil on the water-bath for 
about 5 minutes. Then transfer the entire contents of the flask to 
the filter previously used and receive the ethereal filtrate in the 


- @vaporating disk. Finally wash the residue with a little ether, 


then squeeze out most of the ether. Open the filter and allow the 
remaining ether to spontaneously evaporate. Save this yellowifh 
residue of connective tissue for a subsequent experiment. 


? 


The evaporating dish now contains the strained fat, also the 


‘alcoholic and ethereal filtrates. Place it on an evaporating dish 


and heat till all the alcohol, ether and water have been driven off 
and only the pure fat remains. 


The student will use for the above experiment, alternately, 
pork fat and suet. 


2). Place a little of the pure fat abtained above on a slide, 
cover and examine under the microscope.. Observe that the little 
round hodies are-composed of crystals. These are more distinct 
in the beef fat. 


3). Transfer a piece of fat, size of a pea, by means of a glass 
rod to a test-—tube. Add 5cce of a mixture of equal parts of alcohol 
and ether and warm gently till dissolved. Then set aside for an 


* The temperature given in the work are Centigrade. 
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hour or more and when a deposit forms transfer some of it by means of 
& pipette to a glass slide, cover and examine under the microscope. 
Sketol, the crystals obtained thus from tallow and from lard. 
Which of these two fats crystallizes most rapidly? 


4). Transfer a piece of fat to a test-tube, add 5cec of alcohol 
and heat till dissolved. Then introduce a strip of blue litmus 
paper, or add a drop of an aqueous solution of litmus. Better still 
to some of the alcoholic solution add a drop of alcholic rosolic 
acid, a yellowish color indicates an acid reaction. What is the 
reaction of normal fat? Why do fats become rancid on standing for 
some time? 


5). Place a small piece of fat on a filter paper and warm 
gently over a flame, or on a heated plate till the fat melts and 
is absorbed. Note the transparent condition of the paper. 


| 6). Rub up thoroughly in a mortor a piece of fat with some 

KHSOy, - Transfer the mixture to a dry test-tube and heat cautiously. 
The peculiar irritating oor or sensation is due to acrolein or 
acrylic aldehyde, which is formed by dehydration from the glycerin 
of the fat. 


Glycerin, CH,OH. CHOH. CH, OH. 
Acrolein, OHS: :CH.COH. 


7). To a small piece of fat in the test tube add about 10cc of 
- -@€ semi-saturated solution of sodium carbonate, warm and shake thorough 
ly. The liquid becomes milky but on standing- most of the fat col- 
lects on the surface. The liquid below shows but slight cloudiness. 
Neither emulsion, solution or saponification has taken place. 


8). Saponification.~-Melt the fat that is left from the pre~ 
ceeding experiments-and transfer it to a 150cc Erlemmeyer flask. 
Then add 20--30cce of alcohol and 3g of KOH. Insert a condensing 

. tube and heat on the water~bath for about a half an hour. Sapun—-~- 
“ification takes place rapidly. To ascertain if the change is com- 
plete pour a little of the alcoholic fluid into a few cc of water*. 
The liquid must remain clear. If it becomes cloudy it is due to 
Oil drops and shows that the saponification is incomplete, The 
solution eventually contains soap, glycerine, and excess of alkali 
and alcohol. 


9). Separation of the Fatty Acids.—-To. about 100cc of water 
in a small beaker add 3cc of H.So Then warm to about 50°. 
_.Pour the soap solution, gradu v4 and with constant stirring, into 
~ the warm acid liquid. The fatty acids are set free and rise to - 
the surface forming a clear, oily liquid. Place the beaker on 4 
- Waterbath and heat till the aqueous liquid below the fatty acid 
* Distilled water is meant in all cases unless otherwise stated. 
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layer becomes almost clear, and all the fatty acid has risen to the 
surface. At the same time prepare some boiling water. 


Then transfer the contents of the beaker to a small filter, 
previously moistened with hot water. The fatty acids, while still 
liquid, are washed on the filter with hot water (10-12 times) till 
the wash water ceases to give with Ball 2 a test for HjS0,. 

Collect the aqueous filtrate and wash-water and set it astde to be 
examined later for glycerine. 


mhne funnel containing the washed fatty acids is now placed up- 
right in a small beaker containing cold water, the level of which 
Should correspond to that of the fatty acid on the filter. The 
fatty acids solidify. The product thus obtained is a mixture of 
Oleic acid, C,¢H3400, palmitic acid C 6itz 0% and stearic acid 
C,2H36902- Commercial stearin which is used in the manufacture 
of candles is a mixture of palmitic and stearic acids. 


10). Reactions with Fatty Acids.--To some of the sokid fatty 
acid in a test-tube add about 10ce of strong alcohol and warm till 
the acid sissolves. Divide into three portions. Fo one porticn 
add a drop of rosolic acid; to another portion 1-2 crops of aqueous 
ditmus solution; to a third portion a strip of blue litmus paper. 
What is the reaction and which reagent is more delicate? 


Be: 11). To a portion of the fatty acid apply the test given under 
' Exp. 5. Why do fats, fatty acids, glycerin water, etc. render 
paper more transparent? . 


a: 12). To a portion of the fatty acid apply the test given 
“under Exp.6. What is the result? 

(13). To about 10cc of semi-saturated NaecO3 solution add a 
Onic acid is given aff. The fatty acids dissolve and a sodium 
is formed. Place the tuhe in a beaker of cold water ,a soap 
results. 

- Warm the tube again till the contents are liquid, then add a 

r drops of cottonseed or olive oil and shake. An opalescent 

d, or emulsion forms. fransfer a drop of this to a slide, 

ng fat globules. 

« Place some of the fatty acid in a small beaker, add about 
> water and warm gently till the fatty acids mel . Then add 


dition of alkali till the fatty acid just dissolves. 
odium soap solution make the following tests: 


of the solution add a few drops of CaClp solution. 


mall portion of the fatty acids and heat. An effervescence resultS, 


and examine under the microscope. Note the ( Bbphay ree.” 


drop by drop, and stir thoroughly after each addition... 
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An insoluble Oalcium stearate etc. forms. fhis calcium soap is 
formec when hard water is used with soap. 


b). To another portion add some lead acetate and warm gently. 


‘Phe white sticky precipitate which forms 1s lead soap. It is 


known and used medicinally as lead plaster. 


15). Separation of @lycerine.--fhe combined aqueous filtrate and 
washings from the fatty acids, should, if oily globules are present, 
be Tiltered through a wet filter. The filtrate is then carefully 
neutralized with NaOH and concentrated in an evaporating dish, 
first over a flame, and finally on a water-bath almost to dryness. 
ro the residue add about 25ce of alcohol, stir thoroughly and allow 
the mixture to stand for ee 2 hour, then filter, To the residue 
add another portion of about l5ce of alcohol, stir well and trans- 
fer this washing to the filter. Evaporate the alcoholic filtrate 
and washings on the water-bath to dryness. Take up the residue 
with about l5dcc of absolute alcohol and transfer this entire mix~ 
ture to a large test-tubs; then add an equal volume of ether 
cork anc shake and set aside in @ beaker of cold water for about a 
half an hour. Pilter off the salts which are thus thrown out of 
solution and cautiously evaporate the alcoholic-ethereal liquid 
On a slightly warmed water-bath. A syrupy residue, glycerine remains, 


15). Taste the yellowish syrup that is left. 


17). Place a drop of the residue on a slidé and add a little 
powdered borax. Then touch the mixture with a platinum wire and 
Place this in a Bunsen flame. Note the green color. 


18). Mix a drop or two of the syrup with some powdered KHSO 
and heat in a dry test-tube. Compare the result with that obtained 
in experiment 6 and 12. 


". 
CHAPTER II. 
GARBOHYDRATES , 


In this group are usually placed those substances whith contain 
H and O-in the same proportion as in water {2:1) and 6 carbon atoms 
or a multiple of 6. Recent investigations have shown that we may 
have carbohydrates containing from 4 to 9 or more carbon atoms, 
There are furthermore unguestionable sugars . , as rhamnose, whith | 
do not have H and O in the proportion of 2 tol. | 


Carbohydrates ere present in comparatively small amounts, either 
free or as constituentsof certain complex proteids, in the animal 
body. They constitute, however,, tha sreater part of the solids of 
plants, just as proteids make up the greuter part of the animal body. 
They are aidshyce or keton derivatives of certain alcohols. 


The following condensed classification is adapted from Tollemss 


I. MONASACCHARIDES OR GLYCOSES. 
This includes besides others, pentoses, C,H1qQ05; and hex» 
oses, C-H,290¢, such as dextrose, laevulose, and rharmose, 
CcH1505- 


Ii. DI-SACCHARIDES, OR SACCHAROSES, C,H, 5071- 
Cane—sugar, milk sugar, mceltose, iiv-idltose. 


III. POLYSACCHARIDES. 

A few of these compounds are crystallizable, but most ef them 
are amorphous. The latter group includes pentosanes, which 
have the same relation in pentoses as starch bears to glucose. 
Also, starch, and its derivitives amylodextrin, erythrodextrin, 
and achrodextrin. Also glycogen, dextran and others, cellukose. 


IV. MANNITE, C.H 40 6 The compounds of this group are related to 
the true Sarbafydrafes. 


V. INOSITS, C .Hy 906. This is a derivative of hexamethylene C Hy pe 
As shown from the following form ae dextrose or glucose 
contains an aldehyde group whereas laevulose or fructose contains 
a ketone group. 
Dextrose= CHo0H.CHOH.CHOH.CHOH.CHOH.CHO. 
Laevulose= CH.0H,.CHOH.CHOH.CHOH.CO.CHoOH. 


On treatment with nascent hydrogen the aldehyde or ketone 
group is readily reduced to the corresponding alcohol group CH,0OH, 
or CHOH. Mannite Cel Gy The pentose ia a similar way yieid 
correspondinf pentitesy~ ° 
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The monosaccharides, like aldehydss, readily rédtice salts of 
Silver, copper, mercury, ect It should be remembered Lhat other 
Substances, as lactose, sal tnee. glucuroni¢e acid, alkapton, also 
reduce. 


In plants these are substances. pees Which yield on 


hydratién pentoses just as starch tn Similar tréatment yields glucose. 
A pentose has been met with in the ie dompositton of glycoproteid 
obtained from the pancreas, It has been found recently in several 


urinés}; also in the urine of mattral and artificial CGiabetes. 

: The pentoses are strong redicing agents, but are not fermen 
table by yeasts. With pheny ‘Lhycraxin they yield osazons whinh 
melt at 157°-160°. On distillation with hydrochloric acid they 
yield furfurol which colors aniline acetate paper bright red. 


HEXOSE! uate . 
HmXOSES , C199. - 


Cane~sugar, C,H 920;3, which yields dextrose and laevulose, 
CeH,505, or brdration can therefore be considered as an anhydride 
of these hexoses. The hexoses, dextrose and lacvulose, are widely 
distributed in plants, especially in atid fruits: and puthermore 

eadily form on hydration of starch, cane-sugar, glncosides as 
phicridzin, etc. Another hexose, galactose, results on hydration 
of lactose, and other carbohydrates, and also of ¢erebrin. 


The three hexoses mentioned are fermentable by yeast. On 
heating with dilute mineral acids they yield laevulinic acid, 
C5Hs03, humus substances. 


Dextrose or glucose, also known as grape—sugar or éstarch- 
Sugar is formed during digestion. It is present in small amount, 
0.1-0.2%, in the blood; in still less amount in normel urine. 

In diabetes it is present sometimes in considerable quantities 

as the characteristic constituent of urine, After the digestion 

of large quantities of sane~sugar, lactose or glucose a reducing 
Substance appears in the urine (alimentary glycosuria). A part 

of the cane-sugar may appear as such in the urine. Glucose appears 
in the trine after administration of phloridzin, uranium salts, 
hydrocyanic acid; also when the oxygen supply is diminished and 

in CQ poisoning. Reducing substances, presumably glucose, and 
formed on the decompostion of cartilage, nucleinic atid, paran- 
uclein, nucleoproteid of the pancreas etc. 


It can be obtained as minute crystals which are either anhy- 
drous or contain one molecwhe of water. It is anly about 3/5 as 
Swee} as Cane-sugar. Yt is soluble in about an equal part of water; 
insoluble in absolute alcohol. The solutions are dextro~rotatory. 
The melting-point is at 144-1469; above_200° caramel forms. 
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GLUCOSE. 


, in the following experiments, unless otherwise indicated, 
a 2% solution cf glucose is employed. 


t 


1). Molish's reaction.--To about 1/2 ce of the dilute sugar 
solution add 1-2 drops of an alcoholic solution (15%) of &—-napthol. 
Then add slowly abovt icc of concentrated Ho80, so that it runs 
down the side of the inclined tube and forms a laver. A beautiful 
reddish viclet ring forms at the zone of contact. 

This is a general reaction due to the formation of furfurol 
and is given by all carbohycrates. époly this test to sme normal 
urine; and to urine diluted with 5 parts of water. i the test 
is given by the latter it indicates that the carbohydrates of the 
urine are increased. 


2). Place some of the dry glucose in a tube and heat gently 
over a flame. It melts, then turns yeilow and finally dark~brown. 
The peculiar odor is that of burnt-suger. Allow the tube to cool, 
then add water and warm slightly. Note the dark yellow or brown- 
ish color of the solution. Caramel is a harmless coloring matter 
and is employed extensively for coloring liquors, vinegars, etc. 


3). To come dry glucose add cold, concentrated HoS0, and let 
stand. The liguid remains colorless or at most is light yellow. 
Distinction from cane~sugar. See experiment 3 under cane-sugar. 
After comparing this with the corresponding experiment with cane- 
Sugar, gentliy heat tne glucose tube. It promotly blackens due 
to humin substances. Laevulinic acid&ésformed at tne same time . 


4). To the sugar solution add some strong KOH solution and 
heat. The liquid becomes yellow, then dark-brown. the sugar 
undergoes oxidation in alkaline solutions. With solid KOH the 
reaction is sometimes violent because of the heat generated in the 


reaction. 


This test when applied to urine is kncown as Moore—Heller's test. 
In that case the ;recipitate that forms is due to earthy phosphates. 
The test is not particularly delicate and is certainly not reliable 
Since the substances may yield dark solutions under similar condi~ 
tions, namely alkapton, lactose, maltose, etc. 


Compare this reaction with experiment under cane-—sugar. 


5). "9 the sugar solution add 1/2 volume of NagCO, solution, 
then 1-2 drops of a freshly prepared solution of potassium ferri- 
cyanide, and boil. mhe liquid becomes colorless—-due to a re=- 
duction of the salt to a ferrocyanide. 


6). To the sugar solution add a little ammoniacal silver nitrate 


CARMONHYDRATEA io. 
and a few drops of KOH and warm gently. A mirror of metailide 
silver forms, expecially if the solutions are dilute, The Sliver 
nas been reduced. 


The ammonical silver nitrate is prepared by adding ammonium 
hydrate to the silver nitrate till the precipitate just appears. 


7). To the sugar solution add one drop of q freshly prépared 
Solution of sodium indigo sulphate, also add a little NaglO, solu- 
tion and heat. The blue color changes first to violet then to red, 
yellow and finally the liquor is colorless, The indigo has been © 


reduced to indigo«white. Cool the tube under the hydrant and shake. 
The indigo-whits is oxidized to indigo blve. On heating again 
$e blue is again Pedugon » Litmus ana other coloring agents 


are reduced in a similar manner. 


The folfowing reactions should be applied side by side, tO tha 
aqueous solution of glucose and to diahetic urine. 


6). Trommer's Test.--Render the solution or urine strongly 
alkaline witn KOH and boil then edd a few dronws of copper sukyphate 
sOlution and warm again a reddish yellow precipitate of cuprous 
Oxide forms. If excess of copper be added, the copper hydrate 
precipitate will mask small amounts of the red precipitate. If t¥o 
little copper has been added a white precipitate of uric acid 
and nuclein bases (alloxuric bodies) forms. 


6a). Fehling's Test.--Boil some Fehlingts solution in a test» 
tube and then add the sugar solution or the suspected urine and 


boil. Cuprous oxide is thrown down The urine if strongly acid 
Should be rendered alkaline. This is the test commonly employed 
when examining for sugar in the urine. It shauld be remembered - 


that it is not an absolute test since the urine, in rare cases, 
may contain other reducing substances(alkapton). A small amount 
of sugar may, moreover, escare detection since the cuprous oxide 
may be held in sctlution by creatinin and other urine constituents. 


It sholud furthermore be remembered that Fehling*s solution 
deteriorates on keeping, so that on heating the solution itself 
a red precipitate of cuprous oxide may form. It is advisable 
Shave rate to keep the two constituents of Fehling!s solution in 

separate bottles and to mix equal volumes just before use. 


Pavy's solution, employed for the same purpose is & solution 
of copper hydrate in ammonium chloride. 


9). To some Barfoed's solution add some gluc6se solution 
and boil. The cuprous oxide precipitate forms. Milk sugar, 
cane~sugar, maltose and dextrin-do not reduce this solution. 


 Barfoed's penee is an acid solution of copper. It is pre= 
pared by diSsolving 1 part of copper acetate in 15 parts of water. 
To 200ce of this solntion, Boee-of- a A8%_acotte-acidesolution is added, 
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10). Bottger's Test.--Render the specimen alkaline with sodium 
or potassium hydrate, then add a minute quantity of basic bismuth 
nifrate--a black color or precipitate due to réduced bismuth, forms. 
Albumin if present must be removed. 


10a}. Nylander's Test.-- Dissolve 10.33¢ sodium hydrade 
in 100cc of water; add 2g of basic bismuth nitrate, and 4g Rochelle 
Salts; warm and filter; This reagent keeps better that Fehling's 
solution. 


To 10 volumes of the sugar solution or utine add one volume 
of the reagent and boil ~-23 minutes. Then let stand for 10-15 
minutes. 


Concentrated urines may become blackish with this reagent; 
if chrysophonic acid is present in the urine this may also occur. 
On the other hand the reaction is more delicate than Pehling's 
solution, whereas pointed out ,small amounts of cuprous oxide 
may be held in solution. 


Alkaline solutions of mercury salts are also employed in test= 
ing for glucose (Knapp, Sachsse). 


ah}. Phenyl-hydrazin Test.--Phenyl-~hydrazin on heating with 
sugar forms phenyl~glycosazon . .1 .0fy- COgH1004(NoH.CgHs)o- 
This forms bundles of yellow heedles which melt at 204-205°. 


C -Hy 90 5t2C gis. NoHs=C0 1] gHosN a0 ,+2H20t 2H. 


Application to the urine.--Place in a small beaker about 50cc 
of the clear urine add 1-2 ¢ of phenylhydrazine hydrochloride 
and about 2-4 2 of sodium acetate, cover with a watch-glass and 
Warm on the wa‘ter-bath for 1/204 hour, then turn off the light 
and allow it to cool on the water=bath. Examine under the micro- 
scope the deposit which forms. If amorphous, or if it is desirable 
to purify the crystals, dissolve on tne filter in hot alcchol. 
To the filtrate add water and boil till the alcohol is expelled-- 
on cooling the characteristic yellow crystals appear. Filter, 
wash, dry and determine the melting point. 


The phenyl-hydrazin reaction with sugars is of very great 
importance in their identification. It forms with sugars, when 
feated sufficiently long on the water~bath, osazones. The various 
Sugars yield therefore corresponding osozones which are yellowish, 
and {differ in crystalline form, melting-point, solubility, and Fi 
Optical behavior. The determination of the melting-point is es~ bi 
pecially valueable. | . 


12). Fermentation test.--Rub up some of the solution or of i 

the suspected urine with a little yeast. Fill the mixture into . 

a large, wide test-tube provided with a perforated stopper through f 

which passes a tube bent into a U shape--the free arm being longer. bi] 
than the oné that passes through the cork. Care should be taken 

to likewise fill the tube so that no air is present in the test-tube . 
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when it is inverted. Set the tube adide in an inverted position 
in a warm -lace for 24 hours and observe the accumulation of gas. 


When the fermentation is‘completed place the tiibe in an up- 
right :ostiton in a dish of water, remove the stopper and by means 
of a bent pipette introduce a little potassium hydrate solution. 
What is the result? 


C gHy 0% = 20 oH_OP. + 20Co. 


Under the influence of certain bacteria it readily undergoes 
lactic acid, lutyric acid or viscous fermentations. 


Laevulose, also known as fruit sugar or frutose occurs, as 
Before indicated widely distributed in the plant kingdom. It 
is also present with dextrose in honey. While starch on hydration 
y‘elds dextrose, there are analogous substances, as inulin, 
C6H1005, which on Similar decomposition yicld laevulose. In ex 
ceptional cases it has been met with in the urine of diabetes. 
When administered in diabetes a part may be changed to glucose 
and to glycogen, and a part may be eliminated as such (Haycraft). 


This sugar crystallizes with great difficulty and for that 
reason it is ordinarly met with as a thin syrup. It is readily 
soluble in water, insoluble in cold absolute alcchol. The solu- 
tions are laevorotatory. 


The rotation is greater, and in opposite direction, thah that 
of cane—sugar. Hence on hydration of cane-sugar the resulting 
mixture.is laevo-rotatory, and is therefore called invert—sugar. 
Inversion, as applied to complex carbohydrates, is synomymous 
with hydration. 


Like glucose it reduces readily metallic oxides; is fermented 
by yeast and forms the same osazon. 


Galactose which forms with dextrose on the hydration of milk- 
Sugar, and other carbohydrates, also of cerebris. It crystallizes 
in needles or plates which melt at 168°. t+ is dextro-rotatory. 


It reduces Fehling's solutiin and is said to ferment with yeast. 


It forma an osazone which melts at 193°, On oxidation it yédelds 
mucic acid--distinction from dextrose. The origin of galactose 

as & constituent of milk-sugar is not known. It may be derived 

from antecedents in the plant food, and on the other hand may be 

formed from glycogen or even glucose in the body. 


Saccharose, Sucrose.- Thts sugar is widely distributed in 
plants in the leaves of which, under the influence of light and 


- pessibly of chlorophyll, it is formed. Tt is then transported to 


different parts of the plant and may be stored up in the roots as 
in the case of beet root, or in the stalk, as in sugar cane, In 
acid liqiid it ig readily undergoes inversion and for that reason 


gt is not present in strongly acid fruit juices but is represented 


= 8 


ma + ne ie 


GCARBOHY GZATE S. 15-2, 


Shere by dextrose and laevulose. In moderately acid fruits as 
nuts, apples, melons, bananas, sweet oranges, it is present as such 
with wore or less glucose. The cane-sugar which is removed from the 
rlower by the bee becomes almost wholly inverted when made into 
honey o 
It forms large nono-clinic crystals which dissolve in 1.5 
Parts of water at 20°. The solution is strongly dextro-rotatory. 
it melts at 16C° and on further heating it yields caramel. It is 
Gecomposed by dilute acids, slowly in the cold, very rapidly on 
heating. The change is as gollows: 
WyatgeO Bol © 6 e826 * Caticle: 
Dextrcse Laevulose. 
This hydration is aiso brought about by many ferments, such as the 


-invertin of yeast.; by bacteria and moulds; also by the acid gas - 


tric juice but not by the pancreas. Once inverted the resultant. 
invert-sugar is readily subject to various fermentations such as 
alcohol, visceas, lactic acid, etc. 

‘Sefore inversion it is strongly dextro-rotatory and does not 
reduce Fehling solution, After inversion it is less dextro-rotatory, 
Cr even laevo-rotatory, and reduces Fehling solution, With. phenyl 
bydrozin it does not form a corresponding osazon, but does form, 
owing to inversion, the phenylelycosazon. This behavior and the 
non~reduction of metallic oxides distinguishes cane-sugar from 
mARtoss and lactose. The latter therefore still allow the alde~ 
hydé character. 


Appiy the following reactions, with the exception of 2 and 3, 
to a 26 aqueous solution of cane~-sugar, and compare these, side by 
side, with the corresponding reactions of glucose. 

1). Molisch's Reaction.- Apply as given in Ex. 1, under 
glucose. 
2). Caramel reaction.- Apply as given in Ex. 2, under 
sIuUCcOSS. ; 
3). Selphuric acid reaction.- Apply as given in Ex. 3 undsgr 
siucose. The coid acid in a few minutes colors yellow, the n becoms 
black,-—distinction from Dextrose. Mumin substances are formed. 

4). Potassium hydrate reaction. Apply as given in corres 
pouding test under glucose and carefully note the difference. 

5). Apply Fehling's solution as in Ex. 8a under glucose. 

6). Test with Barford's reagent, as in Bx. 9 for glucose. 

7). test with Nylander's reagent, as in Ex. 10a under glucosa, 

8). Apply the fermentation test as in Ex. 12 under glucos¢ 
and compare the rapidity of fermentation with that of glucose. 

' 9), Place 50 ec. of tje cane-sugar in a small beaker, 

add 6-8 drops of concentrated H61 and boil for 2-3 minutes. Then 
cool, tender alkaline with sodium or potassium hydrate. To this ? 
golution now apply tests 4, 5, 6, 7, as given above. Note the results. 


LACTOSE, CyoHy90,1 + Hp0. 


Lactose, or milk sugar, occurs probably in the milk of all 
animals. The amount present varies from 3-5-6432 It has been found 
n the urine during the later stages of pregnancy and immediately 
after birth. It is said to occur in one plant. 
It forms large rhombie- eyystals which are soluble in 6 parts 
of cold water and in 21/2 parts of boiling water. The solution lis 
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dextro-rotatory. When heated to 170~180° it forms lacto carmel, 
C Hi9 9g; melts at 203.5°. On heating with aeids hydration takes 
piace according to the equation: 
C19H.n.0,, + H.0 = 0,8 20, + CeH7920-. 
eo il . Ga gets e. eS el pally 


On further heating with acids, humin and formic acid and laevulinie 
acids form. On oxidation with nitric acid inversion first takes 
Place as above, and then the galactose is oxidized to wucic acid 
whereas the dextrose forms saccharic acid. It reduces Fehling$s09 
© ution but is only 2/3 as strong as dextrose, Unlike the latter is 
. is not fermented by yeast. Bacteria readily bring about lactie 
. acid fermentation. In kephir and Kumyss the sugar is changed to 
, alcohol and lactic acid. 
With phenylhydrozin it combines to form a lactosazon which 
crystallizes on eooling as round aggregates of yellow needles which 
meit at 200°, Its behavior to cold eoncentrated sulphuric acid 
and to alkalies also serves to distinguish it from dextrose and 
Cané-sugar respectively. Alkalies ydédéld lactie acid and pyrocatechin. 


To a 2% solution of lactose apply the tests 1-8 as given under 
cane—sugar. For the preparation of milk-sugar see. MILK. 


This suger is formed by the action of the germent diastase, 
contained in malt, on stareh. {ft is also formed by the ferments of 
the saliva, pancrea and liver. The formation of dextrin . 
precedes that of maltose. When starch is heated with H SQ, maltose | 
is temporarily produced. Consequently crude glucose and’ gltcose 
Syrup will contain maltose in small amounts. 

It forms fine white needles, grouped in little masses. It is 
soluble in water and in dilute alcohol. On oxidation with nitrie 
acid it ydelds saccharie acid. On heating with sulphuric acid it 
yields two mélecules of dextrose. This change is also accomplished 
by ferments. 

C1 2H220,, + H50 = CeHy 2% + CoH 6° 
Like dextrose it is easily fermented by yeast, and readily reacts 
with potassium hydrate, and with Fehling's solution. It reduces 
the latter more weakly than dextrose, 10 cc..of Fehling's solution 
represents 77.8 mg. maltcse. The reaction with Barfoed's reagent 
serves to distinguish it from dextrose. With phenylhyérezin it 
forms an osazon—Maltosazon, This forms yellow separate needles 
whieh melt at 206°. It dissolves or ean held in solution ferrie¢ 
hydrate. It is dextro-rotatory. 


Iso-Maltose, is an isomer of maltose. It i5 amorvhous and 
is formed by the action of acids and ferments on starch. It has 
been prepare@ synthetically from glucose by the action of concen~ 
trated H@l. Unlike maltose it is more difficultily fermentable, 
and forms an osazon which melts at 153°. It readily reduces 
Fehling's solution. It is converted by diastase into maltose. 

a The relation of the three di-saccharidces can be seen from the 
_ following: 


Cane sugar + HoO0 = glucose + laevulose. 
bret 
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1). To 100 ce. of boiling water add 10 g. of starch and stil 
thil an even starch paste forms. Then cool to 60° and add lg. of. 
powdered malt. Immerse in a water—bath at 6@° for one hour. At 
intervals of 10 minutes test 1-2 ce&® of the liquid with iddine for 
dextrin (see page ). Then boil and filter. Evaporate the filtré&e 
to a thick syrup and wet this adide for. several days to ¢erystallize. 
The addition #f a thread, or af a erystal of maltose will favor 
erystallization. Note the taste of the syrup. 

To the memaining 1/23 of the filtrate apply the tests 4-8 ins 
¢lusive as given umder cane-—sugar. 


STARCH (C,H1 905). 


Starch, or amylum, is a highly complex carbohydrate. and the 
value of nin the above formula is not determined. It is placed 
by some at as high as 200. Starches are also known as glucosi 
since on hydration they yieid as a final product glucose or dextrose, 


whereas the inulins or laevulans, which eorrespond to starch, 


vield lacvulose. The inulins are eomparatively rare, whereas 
starch is a most widely cistributed plant constituent. It is evi~ 


dently formed from CO, by chlorophyll in the presence of water. 
In plants the excess ef Sugar @s stored up as starch, while in animis 
it is stored up as glycogen. In the body of animals stareh ean 
unquestionably be converted into and deposited as fats. at $8 
known that bacteria acting on stareh can give rise to certain fatty 
acids. 

tarch is containedin the so-called starch-granules which have 
a ¢characteristie appearance and can be readily recognized under the 
microscope. The form of the granules as obtained from one plant 
differs from that obtained from other plants, The size of the 
granules varies greatly even in stareh of the same variaty. The 
starch proper is deposited in theses granules in.layers around one 
or more nuclei. some callulose is present. Frequently, as @ 
result, concentric rings will be observed in the stareh granule. 

On heating to 150+-170° it becomes yellowish, and also soluble 
in water; that is, dextrin is formed. Commercial dextrin, which is 
used extensively as a mucilage, is prepared in this wry. 

Starch is insoluble in cold water. In the presence of ehlo- 
ride of zine and other salts it swells up and dissolves. On heating 
With water to 60~70° it swells to a paste but coes not form a true 
solution. At a higher temperature it does dissolve forming soluble 
stareh and hydrolytic products deseribed below. With glycerin, 
especially on heating, it forms soluble starch. On heating with 
dilute acids it dissolves readily, or is rather hydrated forming 
s0iuble products. The final product of the aetion of an acid is 
dextrose. HCl acts more rapidly than H)50,. Diastatic enzymes, 
such as are eontained in malt, saliva, pancreas, dissolve starch 
forming a number of intermediate products and finally maltose, 
not dextrose. Starch is not fermented by yeast but is affected by 
bacteria, sueh as lactie acid and butyric acid bacilli;also by 
moulds. Nitric acid first inverts stareh, then cxidizes .the 
products of sacecharic, tartaric, and oxalic acids. 

The products formed by the hydration of stareh, brought about 
by water under pressure, by acids, or by ferments, are presented 
in the folléwing table: 
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re 7 ! 
1 t 4 


Stareh lodine, blue. Fehling, -0 Tastelass 
Seluble Stareh . e " " -~O ft 
Ertkhimpasuédrthrin) " red " + very slight. i" 
Achroodextrin ” an " + slight a 
Maltodextrin " 1 Q n Swestish. 
Isomaltiose . 0 * + Sweetie 
Maltese H ) " + Barfoed,O fl 
Dextrose " 6 e + " > fh 


1). Examine microscopically and sketch the granules of the 
follewing starches: potato wheat, buek-wheat, corn, arrew-root 
and rice. Note the shape of granules, the number of rings.if any, 
and the eléft or hilum. 


| 


2). Place a little starch in a test-tube add water and shake 
thoroughlt, then filter, To the filtrate add a drep of iodine 
solution. No solor is fermed, since starch is insoluble. Add 
a drop or two of iodine to the residue on the filter--a blue color 
results. 


3). Soluble starch.--Place 100cc of water in a beaker and boil 
_ then add 1g of powdered stareh and wntinue boiling fer 2-3 minutes 
6tirring constantly. A starch paste forms. 


4), Place some of the starch solution obtained in experiment 

3 in a tube and add a drep of iedine so,ution. A deep blue color 

|results. Now heat the entents of the tube, the color disappears, 
to reappear on ceoldng. The bluc dolor is due to the so callicd 
Starch iodine, which possesses a variable composition. 


5). To some of the starch solution add exeess of tannie acid. 
& yellowish white precipitate forms or the liquid becomes highly 
| @paque. 


| 6). Boil some of the stareh solution with Fehling's solution. 
No reaction takes place. 


7)~ Te about 50ee of the starch solution in a beaker add 1/2cc 
ef Ho80,, cover with a watch-glass and boil for 15 minutes. 
Replace the water that may be lost by evaporation. wow place some 
@f the liquid in a tube, render alkaline with sodium or potassium 
|hydrate, add some Fehling's solutien and boil. If no reduction 
takes place, continue heating the entents of the beaker for another 
|15 mbnutes and test as before. Inversien has takes place; a 

reducing sugar (glucose) has been formed, as in the similar exper~ 
iment with cane~sugar. mhis experiment is the basis of the com-. 
mereial manufacture of glucese. 


DEXTRINE, Cgily (0.- 

As explained abeve, a number of compounds are ineluded under 

this head. They are the first hydration ppoduets of stareh, | 

The eommercial dextringéd is prepared by heating stareh te 150-160° 

With er without water; also by drying stareh at 100° previously 
spended in very dilute nitris aeid; or by treatment with asids oY 
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malt and subsequent, preeipitation with aleochel. fhe behavior of 
the several °.. . varieties ef dextrine te iodine has been indi» 
eated above and will be demonstrated in eonneetion with the work . 
en séliva. 

Unlike stareh, dextrine is very readily soluble in water. 
The selution is net fermented uy yeast, but must first be hydrated 
further to maltese. Test a 1% solution as fellews: 


1). To some of the solution add tannie aeid--Noe precipitate; 
distinetion frem starsch, gelatin, albumin. 


2). Te seme ef the solution add a drop or twe of iodine solutien. 
What is the result? And te what is it due? 


3}. Po some ef the se,ution add Fehling's solution and boil. 
Ordinary dextrine contains, mere or less of redueing substanees. 


GLYCOGEN, (C6H790,) n. 


This earbehydrate was first diseevered in the liver and has 
Sines been shewn to be present, in Breen er er less amount, in ail 
the tissues of the animal body. mhe amount of glyeegen in the liver 
will vary aeeording te the food. Grad ibard iy it SOREN Seen 
from 14% but may, after a rieh carbohydrate diet, ¢ umount to 12—16% . 
In fresh musele it amounts to about 0. 6% and disapp ears from the 
musele as a result of werk or starvation. It is present in Liebig's 
meat extraet (1-15%) . Altheugh present in small amounts in nermal 
Dlesd, it is considsravly inereased after extirpation of the pan» 
ereas. It is present in larger amount in pus, and in leucecytes. 
Undeubtly it is a eonstituent of all living animal ° “* @ellg. 

Zt is abundant in embryoenie tissue and the Liver of & tauwe-born 

deg has been found to we ntain as much as 1%. It is present in 
eonsiderable quantity in melluses, notably in oysters. It has been 
feund in sertain plants, notably fungi, as truffles; also in mueor 
and in the yeast. 

Glyeogen is related to dextrine and to amylodextrin or soluble 
starch. It has the same preeentage cemposition as starch or dex~ 
trine. mhe exact formulae is net knewn. It would seem that the 
multiple 'n' in the above formila is 6 altheugh some place it at 10. 
Glyeegen is derived form the feook, more espeeially the earbehydrates. 
The exeess of earbohydrates, whether stareh er various sugars, 
is premptly stored up in the iver te be given off under the in- 
fluence of ferments according to the need of the body. Exe Llusively 
preoteid diet likewise gives rise to glycogen. 

Various diastatie ferments such as are present in malt, saliva, 
pancreas, blood, liver, ete. invert glyeegen. maé change is sim- 
ilar to that whieh starch er seluble stareh undergoes underlLike 
vonditions. hat is te say, Erthyro dextrines, achreodextrine, 
iso~malteose, maltose, and eventually glucese form. On heating with 
water at high temperature, or with dilute aeids, a similar hydration 
results. Owing to the aetion of these ferments of the bedy 
it fellews that in dead liver or musele the amount of glycogen © 
rapidly desreases. and is replased by a dextrine body, or ere: 
er glueese. 
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The fellewing table shews the relation of glyeegen to sugar 
in a tabbit; liver at different periods after death. (Girard). 
10 minutes. 


24 heurs. - 48 hour's. 


e °¢ a: a oe 58 Soe Se * e e . s* @ 8s @® ° aay Sane aaa ea e ¢ 6 ° ° 
Sugar 4 Glycogen: Sugar : Glysegen: Sugar :Gly coge : 
e756 3 9.560 : 53.58% : 6.35% : 3.85% : 4.28% : 


The action of the diastatice ferments is most marked in neutral 
er very slightly acid selutiens. A 1% selution of sedium carbo 
nate inhibits the ehange and so Goes the acid solution of COne 
It 18 possible that the earbonie acid prevents or retards the hy~ 
dratien of glycegen inthe’... vbedy. nlycegen is net affectoa 
by yeast. Lae he ale 

Glycogen is ah ‘amorphous, white, tasteless powder which dise 
selves in warm waté® te forn an cpalescent liquid. The opalese 
eence disappears on tht addition of.an acid or alkali. On the 
addition of iedine the solution beckkes red or brewn (Erythro- 
dextrine). , The ecoler like that of stareh iodine disappears on 
heating. ~i¢@ SQ@lutions are strengly dextro-roetatery. It is pre= 
sipitcted from impure solution by aleokel. 


1). Iselatien of Glyeegen.--The follewing method gives the best 
results. It may be applied to 50g of perfectly fresh liver, or 
to 2/2 pint of eysters. The material is eut up as fine as pes-= 
sible. If liver is used it sun be put through a sausage maehine. 
Te the material then add 10 parts ef boiling water slightly acid= 
ulated with acetic aeid. Strain the epalescent liquid through . 
muslin. #h?s liquid eentains besides glyeegen some preteids and 
gelatin. Te remove the latter first coneentrate te a small vole 
ume, then add alternately a few dreps ef HCl and ef petassium 
mercurie isdide till a presipitate eeases to form. Finally & lter 

eff a little ef the liquid and test it with acid and reagent to 

make sure that all the preteids are preeipitated. If this is ths 
easé strain the liquid threugh musiin, then filter threugh peper 
and te the filtrate add twe velumes ef alcohol and stir theroughly. 
Allew the glycogen te settle, then filter aff, wach with dilute 
aleehel (2 parts alecohel te 1 part water). Finally transfer te 
a@ beaker, eever with abselute alicehol and let stand an hour er moree 
Then filter eff the glycegen feld the filter and gently squeeze 
eff excess of alsohel, finally press between several layers of 
filterpaper till dry. Pewder, if necessary. 

The reagent employed abeve is prepared by mercuric iodide 
te a warmed 5% selution ef KI till it ceases to dissolve. ‘the 
liquid is then eooled and filtered. 


With glycogen isolated as above make the following tests. 
1). Te seme glyeogen in a small beaker add 20-30e° of water 
and warm. The glycogen dissolves forming an opalescent liquid. 
\Resemblance to soluble starch. 
2). Te a pertien ef the solutien just ebtaincd ad@ a Tew drops. 
4edine s@lutien (in potassium iodine). A reddish brewn coler 
forms. Then heat the @wntents ef the tubs. mhe color disappears 
to reappé@ar on ceéling. Resemblance to Erythredextrin and to 
starch itédine. Phe presence ef pepton interfers, 
3). Beil aasther pertion ef the glyeogen selutien with Fehling's 


a@olution. _ Note the result. 


eo ee ee ee ge een reat s L6e.. 


4). Fo seme ef the glycogen solution add a few dreps of HCl 
and bell a few minutes. Then cool and neutralize, and test a. por 
tion with fedine; anether portion with Fehling's selution. : 
Eempare with Exp. 2 and 3. 


5). To some of the glyeegen solution add abeut lee of saliva 
and mix. At the end of 10 minutes examine a portion with iedine; 
another pertien with Fehling's solution. What is the result? 


CELLULOSE, (Hy ,0y)n- 


Cellulese, or weed-fiber, is present in all higher plants 
and as a rule in the lewer plants ineluding fungi and bacteria. 
It largely makes up the walls ef the eell. Cellulose is prebably 
formed by the preteplasm of the egll eut of the carbohydrates 
that result frem the assimilation ef the earbonie acid of the air. 
The molecule of cellulese is prebably much more complex thah that 
of stareh, Moreover it is prebablg that there are various dis» 
tinct cellulose bedies. . Tunicin er animal cellulese is feund in 
seme lewer animals as the Tunicata, and is identical with plant 
ecllulose and yields on decomposition dextrose. Cellulese has 
been reperted in the lunss, bleed and pus of tubertulous patiénts 
(Freund). 

Cellulese is eharacterized by its difficult selubility. 
It is insoluble in water, aleshol, dilute acids or alkalis. 
It is seluble in an ammoeniacal solution ef copper oxide or Schwei-~ 
zer's reagent and frem this selution it can be precipitated, un~ 
altered, in an amorphous form by acids, alcohol or water. Cellulose 
is furthermore characterized by its reaction with iodine and con 
centrated suitphuric acid. Treated with concentrated sulphuric . 
acid and with iodine it gives a blue color. This is due to a so 
Called amyloid substance which , however, is not identical with 
the amyloid found in the animal body. Indeed tha latter is not 
a carbohydrate but probably a proteid. In place of H2S0, zine 
chloride can be used. 

It does not melt on heating but turns brown and eventually 
decomposes yielding various products.some of which have consider~ 
abla industrial importance . fhus, there is formed methyl alcohol 
(wood—spirit), acetic acid, (wood-vinegar) and creasote (wood-tar). 

Concentrated sulphuric acid dissolves cellulose and if this 
solution is treated at once with water a gelatious precipitate of 
SOluble cellulose or amyloid forms. If the acid is allowed to act 
longer, or the ©imtion is heated, no precipitation takes place 
on dilution. When paper is rapidly immersed in concentrated 
Sulphuric acid to which 1/4 its volume of water has been added, 
and when tashed in water, amyloid which is first formed is preci-~ 
pitated on the paper. The result is the tough parchment paper. 

When the solution of cellulose in sulphuric aetd is allowed 
to stand for some time, then diluted with water and boiled glucose 

forms. Some kinds of cellulose yield mannose. Unlike starch 
boiling with dilute HeS04 has but little affect. 

With concentrated nitric acid, or a mixture of nitric and sul» 
 phuric (1-3) acids, it forms various so called nitro-celluloses, 

_ These compounds .~* “ade use of in several important preparationd, 


ihe 
Thus, Collodium, which is used in surgery and in photography, 
is a mixtur@ of tri- and tetra-nitro cellulose dissolved in other. 
Gun~cotton 6” pyroxylin is a mixture of the tetra- and heta9nitrate.s 
Smokelese powder, which has revolutionized modern war-faré, | 
may b@ pire gun-cotton, or gun-cotton mixed with nitrate of hayiuw 
amd potassium, or gun—cotton mixed with nitro-glycerin in diffarent 
proportions (Nobelite, cordite explosive gelatin). Powders aig 
also mae out of nitro=phenol (picric acid) and out of nitro=naphe 
thalene. 

A mixture of nitro-cellulose and cellulose can be drawn out 
into jong glistening threads resembling silk-4wood-silk}), The cele 
Lui6ée which is the basis of ordinary paper is obtained from wood 
by heating with calcium sulphate under pressure. 

Cellulose has been obtained in the shape of Sphaerochrystals, 
or minute needles. Cotton and linen threads and Swedish filter 
paper ame practically pure cellulose. In the dry condition it 
ls permanent but in the presence of water it weadily @ndergoes 
under the influence of bacteria, fermentative decomposition giv- 
ing rise to marsh gas. This bacterial decomposition takes place 
in the intestines and marsh gas, acetis and butyric acids are formed. 
The cellulose of the food increases the peristaltic action of the 
intestinés and consequently considerable nitrogen may escape 
absorption. 
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1). Examine under the microscope and sketch, cotton, linen, 
Silk and wool fibers also hair. The linen fibers are a hollow tube 
with a thick wall and hence retain their shape, whereas the cotton 
fibers have thin walls which readily collapse and produce the twisted 
character. 


2). Tear up a little "washed" filter paper into small shreds 
(or use cotton) and warm with fresh Schwiezer's reagent. The cellulg 
se dissolves. Adidulate the solution with acetic acid when it 
precipitates in an amorphous form, The Schweizer reagent is ob~ 
tained by adding sodium hydrate to a solution of copper sulphate. 
in the presence of NH,Cl. The copper hydrate precipitate is filtered 
off, washed and dissolved in 20% ammonium hydrate. 


3). Immerse some shreds of "Washed" filter paper, or cotton, 
in a strong solution of potassium hydrate (1-1). Allow the res 
agent tc act for 10-15 minutes till the paper becomes gummy. Then 
transfer to a dish of water, and wash thoroughly, then acidulate 
with a little dilute hydrochloric acid and add smme iodine solutions 
A biue color, due to amyloid, results. 


4). To some cotton or shreds of paper add 5-10 ce of gold 
Bulphuric acid. As soon as solution results take a portion of it 
@00l1 and dilute with water. A gummy precipitate of amyloid forms, 
Add iodine solution, it colors blue 

Allew the remainder of the acid solution to then 6tand for some 
time then dilute with water and boil for 1/2 hour} ¢@@l, neutralize 
With potassium hydrate and test with Fehling's solution éér sugar. 


5), Dilute some sulphuric acid with one-half ite volume of 
water and cool the mixtsfe. Then immerse, for a@ feW secandss an or 
dinary filter paper; remove at once and wash dutéap-water, The : 
tough parchment=papes results. 


CHAPTER III. 


Ne PROTPERT RS. 


{. EGG ALBUMIN. 


Apply the following tests which are, more Or less, general re~- 
actions for proteids to a oF solution, unless otherwise indicated, 
of egg albumin. A white of an egg is carefully poured into an evap~ 
Orating dish, then cut up with scissors and 20cc of the liquid is di- 
luted to 1 liter 1-50 (2%). After thorough shaking in a cylinder 
the liquid is filtered and the clear filtrate employed for the tests. 
Observe the frothing of the liquid on shaking. . 


Dilute 2cce of the egg albumin to 10ce and shake thoroughiy 
let also, dilute 2cc to 4cc and shake till thoroughly mixed 
1~10) 10%. 


COLOR REACTIONS OF PROTEIDS. 

n The following color tests (1-6) are general veusrioes for pro~ 
teids. 

1). Biuret test.--To the albumin solution (1-50) add an equa 

volume of strong sodium or potassium hydrate. Then heat to boil- 
ing and add 1-2 drops of very dilute CuS0O,solution. The solution 
becomes colored, pink to violet, according to the amount of copper 
suiphate used. An excess of copper must be avoided, Salts of 
nickel give a similar reaction. 


Repeat the test omitting the heat. What is the result? 


All proteids give the biuret test, some more readily than others. 
The hydrated proteids, albumoses and peptonss, give the test in the © 
cold, Gelatin gives in the cold, a bluish violet color, not purple 
red as in the case of peptons. 


The bivred reaction would indicate that proteids contain the 
biuret or urea group. Diamids, such as oxamid and its derivatives; 
however, give similar biuret reactions, and it is possible that 
such diamid groups are present in the proteid molecule. It is pos 
sible to remove the diamid group and the proteid that results no 
longer give the biuret reaction (Schiff). 


2). Millon's reaction.--To some of the albumin solution (1-50) 
add a few drops of Millon's reagent. A white precipitate forms 
Which on boili.g for 2-3 minutes becomes colored red. The liguid 
may become likewise red. 


! This reaction is due to the aromatic nucleus contained in the - 
' proteid molacule. It is given by phenol, tyrosin, etc. 


| Millon's Feazent is prepared by dissolving in the cold 1 part 
of mercury in 1 part by weight of concentrated HNO, (1.40). Gentlz 
2 afte is finally applied and when all is dissolved 2 volumes of water 
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are added. The mixture is allowed to stand for some hours and the 
clear liquid is then decanted from any crystalline sediment that 
may be present. 


35). Xanthoproteic reactions.--To some of the alimumin solution 
(1-50) add an equal volume of cone. HNO, Then heat to boiling till 
the precipitate turns yellow or gives a yellow solution. Cool and 
cong at excess of NH,OH or NaOH. The color changes to an orange 
yellow. 


This test can be always incidentally applied to the precipitate 
wd a le peas in Heller's test, or in the nitric acid and heat 
96 ; . 


4), Adamkiewicz's reaction.--To 2cc of concentrated HSSO, add 
about 4¢c (2volmmes) of glacial acetic acid and mix. To the*mix~ 
ture add 1 drop of dilute egg albumin. The liquid changes, slowly 
on standing, more rapidly when slightly warmed to a beautiful reddish 
violet color. fhe reaction is not given by gelatin or gelatin 

pepton. 


The presence of water interfers with the reaction. It is there~ 
fore desirable to use the dry proteid or 1 drop of a concentrated 
solution. The spectrum of the solution resembles that of urobilin. 


5). Liebermann's reaction.--To about Scc of conc. HCl add 1-2 
drops of undiluted egg albumin. Boil the liquid for several 
minutes. A pink to a violet color develpps. Too much watér in- 
terfers with the reaction. 


6). Heat some albumin with conc. H,SO,and a little sugar. A 
red color results. Excess of sugar interfers by imparting a dark 
caromel color to the liquid. 


The proteid molecule contains one or more aromatic groups. 
This is seen in the fact. that on decomposition three distinct groups 
Of aromatic bodics ,. .*form. This we may have ist} the oxy-phengl 
group represented in phenol and in tyrosin; 2nd} the phenyl group 
represented in phenylacetic acid; and 3rd? the indol group repre~ 
sented by indol and skatol. The Xanthoproteic reaction is due ta 
the formation of intro-products and is also due to the presence of 
the lst group. Millon's reaction is due to the presence of the lst 
group of compounds. It is not given by the 3nd or Srdgroups. 
The Ademkiewicz reaction is due to the Srd group of products. 
On the other hand the Liebermann's reacticn is apparently not due 
to the aromatic group. 


- 


PRECIPITATION REACTIONS OF PROTEIDS. 
7). Take 4 test=tubes label and equip as follows: To tube 1 add 
—2cc of the undiluted egg albumin; t6 tube 2 add Scce of the egg 


— 
4 
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and, to tube 4 add 5S5ce of the solution, 1-50. Immerse the 4 tubes 

in a boiling waterbath for 5=10 minutes, after which examine and 

note the results. . test the reaction of tubes 2,3,4. Tube 1 coape 

ulates solid, whereas tubes 2,3,4 are more or less opalescent 

but far from ¢oagulation. Dilution of egg albumin with water 

yg a it noncoagulable by heat. Comparé with test, Blood-serum 
5 e ; ; 


6}. In each of 4 test-tubes place Sce of the egg albumin soly= 
tion (1-50). To tubes 1 and 2 wdd respectively lee and 0.2cc of & 
10% NaCl solution. To the tubes 5 and 4 add respectively 1 and § 
drops of a 1% acetic acid solution (lee of glacial acetic diluted 
to 100cc) To a fifth tube containing 5cc of egg albumin soiu-«- 
tion (1-10) add Ice of a 10% NaCl solution. Immerse the 5 tubes 
in a boiling water~bath for about 5 minutes, then examine and note 
the results. Test the reactions of tubes 3 and 4. In experiment 
7, above, tube 4, which can be considered as a control for this exper~ 
iment, on exposure to 100° shows only a very slight opalescence. 
The addition of a small amount of NaCl increases the opalescence 
(tube2); the same amount of NaCl as in tube 1, added to a stronge¥ 
solution of albumin (tube &) brings on coagulation on heating; 
and a larger amount brings on partial coagulation on the walls of 
the tube (tube 1). Now add 1 or 2 drops of the 1% acetic acid 
to. tubes 1, 2, 5 and to tube 4 add icc of 10% NaCl and heat again. 
Prompt and complete coagulation results. The liquéd is clear. In 
tube 5 the addition of ane drop of the diluted acid, thus changing 
the liquid to a very slight acid reaction, suffices to produce on 


heating a precipitate. A very slight excess of the acid (as in tube 


4) prevents coagulation by heat. If NaCl however is added coagu~ 
lation promptly results. 

in attempting to remove albumin completely from a solution, 44 
in tne case of urine, it shovld be remembered that very dilute soiue 
tions must be barely acidulated with acetic acid. Furthermore, that 
the presence of NaCl ‘favors coagulation on subsequent heating. 


Albumin coagulates in a slightly acid or neutral solution, 
éspecially in the presence of a neutral salt or —..' NaCl. Globulin 
requires a neutral salt to keep it in solution ant this moreover 
favors coagulation on heating. Haemoglobin on heating decomposes 
into haematin and globin; the latter as just stated coagulates 
on heating in the presence of a@ neutral salt. Neucloalbumin is 
coagulated or thrown out of solution by acetic acid alone. The 
albumoses as will be seen later are precipitated by NaCl and the 
precipitate unlice albumin and globulin dissolves on heating. 

Peptons are not coagulated by heat. 


9).To about See of the albumin solution (1-50) add an e ual 
volume of concentrated HNOz so that the two liquids do not mix. 
This is done by allowing the acid to slowly run down the dide of the 
inclined tube. A white cloud forms at the zone of contact of the 
two layers (Heller's test). Now mix the two liquids and gently 
warm. A flucculent precipitate separates. Now heat the mixture 
to boiling. In a short time the precipitate dissolves, acid albumin 
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forms, and the liquid is eolored yellox. Cool the liquid and add 
an excess of NH4OH. An orange yellow color results (Xanthoproteic 
reaction). 


Egg albumin is therefore coagulated by HNO3. The solution of 
this precipitate on hoiling shows a distinction between this and 
the serum proteids. 


» Mineral acids, such as HNOs, coagulate albumin and globulin. 


The albumoses are precipitated by HNOzg especially if NaCl is present, 


but the precipitate readily dissolves on the application of heat 
and reappears on cooling. Peptons are not precipitated by acids. 


a). The test employed most often for the detection of albumin 
{and globulin) in the filtered urine is the coagulation or nitric 
acid and heat test. The reaction when properly carried out is ex- 
ceedirgly delicate. The best proceedure is as follows: To the 
urine add some concentrated HNOz so as to form two layers (see above). 
A precipitate or cloud indicates albumin. Now mix the two liquids 
and heat. A presistent flocculent precipitate is due to the al- . 
bumin or globulin or both. Should it be necessary to decide whether 


this precipitate is due in part or whole to albumins, it can be done», 


by saturating the urine with MgSO,according to directions given 
underSlobulin Test 5. 


If heat is applied direct to the urine a precipitate of 
phosphates may form. This, however, dissolves readily in HNOs. 
if the urine is alkaline the HNOS should be added first to prevent 
formation of alkaline albuminate. 


Apply the test as just given to some albuminous urine. 


10). To about 5ce of the albumin solution (1-50) add 1-2 drops 
of strong acetic acid, then add 1-2 drops of potassium ferrocyanide. 
A voluminous precipitate forms. | 


This is a very delicate test for all proteids. It is not 
Biven, however, by peptons. The presence of NaCl favors the pre= 
cipitation of the aibum oses. Moreover the albuméne precipitate 
dissolves on heating and reappears on cooling. 


This test and the nitric acid heat test, given above, are com 
monly em: loyed for the detection of albumin in the urine. 


If, in the case of urine, the amount of the precipitate is 

. small and its nature doubtful it should be transferred to a filter 
and washed. The precipitate can be transferred by means of a glass 
rod to a test-tube and Millon's reagent added, If on heating a 
reddish coloration gotms it indicates &he presence of a proteid. 
Another procedure is to add 1/2¢ec of the boiling Millon's reagent 
direct to the precipitate on the filter(Winternitz). 


11). Strongly acidulate some of the albumin solution (1-50) 
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weet oe Gigi add @ Lew drops cf phosphotungstic acid. A heevy 
Wate Trecipitete results. It is siven by all proteids. Phospho= 


melytdic acid behaves in @ similar manner. 


22). Acitdulste ancttcr certion as above and add a few drops 
of a solvticn oF potassium merevric todide. ‘Tote the results. 
Why was *his reazent vssd in the prcpurction of glycogen? 


: 13) .75 2 portion ci the alduwain solution (1-350) add 1-2 drops 
6d ge acid. That is the bahavior of tannic acid to starch? 
Oo Gextri::¢ . 


o~ 


14). To Gucther portion of th> solution add a few drops of 
Dicric acid. A yellow volunt:ous precipitate forins. This rexegent 
is used in Eshachts method for theo estimation of albumin in urine. 


33 euploved in tests 1014 inclusice are sone *imes 
sLkaloidal reacents because of their reactions with 
) 


ti ids and othsr bases. They are general reagents 


thé veretadie 


for protcias. 


15). To See of the albvmin solution (1-50) add one drop of 
mercuric chiorid. A heavy white cloud or precipitate results. 
Yivide the cloucy liquid into two portions. 


a). To cone add an equal volume of a 10% solution cf Nac. The 
precinitate promptly dissolves even if mercury is in large excess. 


b). To the other portion add two volmmes of the diluted egg 
solution and mix. The precipitate dissolves if too much mercury 
has not bcen added. 


16). To another small portion of the egg albuwin solution add 
i~2 drops of dilute lead acetate ani note the result. 


17). To &@ portion of the solution add 2-2 drops of silver 
nitrate. A voluminous white pretipitate forms which on the addi- 
tion of FH-0H dissolves. 


Experiments 4, 5, 6 are made with the salts of the heavy metals 
which precipitate most of the proteids. Why is the white ol tggs 
administered in case of poisoning with corrosive svhlimate or with 
salts of cther heavy metals? Why should a stomach pump be sub- 
+sequentiy used? 


a 18). To about 3ce of the albumin solution (1~50) add 10-lice 
of strong alcohol and mix. If no precipitate forms, but merely a 
Gloudiness, then add 1/4~1/2ce of a 10% solution of Nal. A volum 
3 white erecipitate regults,. | Ua th 
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Alcohol added in large excess (10 volumes or more) precipitates 
ell proteids. The presence of NaQl favors the precipitation. 


19}. Place lOcc of egg albumin (1-50) solution in a small beaker 

Of test-tube or pot. Add about 7% of powdered (NH4)0S04 and immerse 
in a water=bath at about 35° for half an hour. Stir frequently | 
till the salt ceases to dissolvé. Notice the heavy white precipitate 
that forms (albumin and globulin). When saturated transfer the 
contents to a dry filter. Test the Piltrate: 

a). By aceti¢ acid and heat. 

b). By the biuret test in the cold. 


20). Place lOce of the egg albumin solution (1-50) in a small 
beaker, as above, add about l2e of MgSO4 and digest, with frequent 
Stirring, at 35° for about half an hour. Observe that only a 
very slight cloud or precipitate forms (globulin). Filter through 
adry filter and test the filtrate as in Exp. 19. What proteid 
is frequent in the filtrate? in the biuret test a large excess 
of NaOH should be added owing to the precipitate of Mg(0H)2 that forms. 


21). Determination of the coagulation point of albumin.--Place 
about Sec of the undiluted age albumin in a test-tube. Close the 
tube with a stopper through which passes a thermometer. The bulb 
of the thermometer should hearly touch the bottom of the tube and 
should be completely immersed in the albumin. Suspend the tube _, 
thus equipped in a large beaker of water. Fully two-thirds of the 
tube should be immersed. Heat gradually the water in the béaker 
and stir continnually by means of a glass rod bent at right angles. 
Note the temperature at which the albumin clouds. The albumin 
then becomes sticky : does not flow readily when inclined and finally 
becomes sclid. Note the coagulating point of egg albumin. 


£2) .To 20ce of the 2% albumin solution add 2-3 drops of 
concentrated HCl and boil. No precipitate forms owing to the for# 
mation of an acid albumin.Cool the solution, a) to a portion add . 
an excess of concentrated HCl a precipitate formsthat is difficultly 
B80luble in excess. b)then in the remainder that is good place a 
litmus paper and add, drop by drop, very dilute NaOH. Mix the cone 
tents well after each addition of alkali. As soon as a precipitate 
or cloud forms note the reaction of the liquid. The precipitate 
- Of albuminate forms while the liquid is still acid. After the : 
precipitate has formed add 2-5 drops more of the dilute NaOH. 
It dissolves at once to form an alkali albuminate. 


23). To 10¢¢ of the albumin solution add 1-2 drops of NaOH 
solution and warm gently for a few minutes. An alkali albuminates 
forms. Raise the solution to boiling, It does not coagulate, 
Cool, add litmus paper and carefully neutralize, as above, with 
dilute HCl. What is the result? What is the effect of a slight 
excess of HC1? 
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Refort the results obtained with egg albumin and with proteids 
gubsequently to be studied in a tabular form such as the followingy 


Egg PerubSerumAlbu Pept fela 
albu-falbu lobusose .jton. kin. 


min. Min. ain. , 

Biuret 1. ; : H : ; 
Million 2. : ¢ H : : ; 
Xanthoproteic 3s. : : $ : : : : 
Adamkiewicz 4. : ; : ‘ $ : 3 
Boiling : : : H ; : : 
Matric ecid 9. : : : : $ : : 
Acetic and forrocyanideld: : : : : : : 
Phosphotungstic acid ll.: : : : : 4 3 
Pot. Mercuric ..iddide 12: ; ; ; ; $ : 
Tannic acid 13 : : : ; : $ 

Picric acid 14 : : $ : : 


Mercuric chloride 15. 
Lead acetate 16. 
Silver nitrate 17. 
Aicohol 18. ; : 
Ammonium sulphate 19. : : : 
Masnesium sulphate 20. : : 
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CHAPTER ITI. 
SERUM ALBUMIN AND S®RUM GLOBULIN. 


Globulin.--is asually associated with albumin, though it may 
'Bometimes, as in the urine, occur alone. The tests given for al- 
bumin, as well a& the general proteid reactions, are also given by 
‘globulin. For the separate recognition of albumin and globulin, 
When both are present in solution, it is necessary to resort to 
precipitation by either of the following methods: 


1). Precipitation™with MgS04.--To l0ce of blood-serum, ina 
small beaker or test-tube or pot, add 10ce of saturated MgS04 and 
15g of powdered MgSO,. Immerse the beaker or tube in a water-bath | 
at a temperature of 30-35°. Stir frequently for 1/2-1 hour, until 
the MgSO, ceases to dissolve and the liquid is saturcted. The 
globulin is thrown out of solution. Transfer the liquid and pre~— 
¢ipitate to a small filter. Save the filtrate (a) which contains 
albumin. When the liquid has drained through wash the residue 2-5 
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times with saturated Mg5S0,. Finally spread out the filter on a 

Slat surface, transfer the percipitate by means of a spatula to about 
20ce of water. Globulin when pure does not dissolve in water 

but in this case, owing to the presence of salts, it dissolves» 


Filter the solution and the clear filtrate (b) containing the 

gicbulin is reserved for experiment 3. 
to 

Apply,the origional filtrate (a) which contains serum albumin 
the tenis enumerated in the table. Note the results. Wherein 
does egs albumin differ from serum albumin? Boil a portion cf the 
serum albumin soluticn to coagulate the albumin. titer and apply 
the biuret test to the filtrate. What are the results? 


2). Precipitation by semi- ~saturation with yd ot ---To 10ce 
of blood serum as above, add 10 ce of saturated (NH, J 5804. Immerse 

in a water—bath at 30—35° 2Or epeus 3 2 hour and stir *rréquently, 

Then transfer the contents to a small filter. Save the filtrate (A) 
which con&ains album. Wash the residue on the filter 2-3 times 

With sem? Eaaturated (NH 4) 3504. Finally spread cut the filter on a 
flat suritace, transfer the precipitate te about 20cc of water. 

The einbulin precipitate dissolves for the reasons given above under 1. 


Filter the solutio? and combine the clear filtrate (B) with 
the corresponding filter from experiment l. The resulting solution 
is usec for experiment 3, ; 


The precipitate obtained by this method is larger thah that Ob 
tained by the MgoO, method, The liquid filters much easier. 


3). Separation of salts from globulin by dialysis.——~Place 
combined filtrates (B) in a dialyzer and dialyze against runn 
water. livery day remove a few drops of the liquid from the : 
with a pipet and add to some dilute BaCly solution. The dialysis | 
should contdtne till all the sulphates are completely removed. a’ 
This may require 3-5 days. In warm weather to prevent decomposi 
it is well to add a few drops of thymol. 


Vhen the sujinhbetes have dialyzed out the globulin is throw j 
out of solution as a white granular precipitate. Now transfer ae 
the contents of the dialyzer to a small beaker Pour into the 


dialyzer about 20cc of a 2% solution of NaCi and gently agitate 

to dissslve any precipitated ghibulin. Add this saline solution. 
to the c.ntents cf the beaker and stir till the globulin dissolves. 
Final allow the liquid to stand for a while then filter. phe 
Clear Ttilitrate now contains pure globulin. Qbserve the frovhiane 
of the liquid on shaking. 


To this solution of globulin apply the tests enumerated in the 
table on page 25. Make careful redords of the results obtained. 
The presence of NaCl will interfer with the tests 16-17. 


= Boil a portion of the globulin solution to coagulate the globulin) 
_ oe the filtrate apply the biuret test. | 


¥ 


4), To 10ce of blood-serum add an equal volute of saturated 
(Hg) 9504. Then add 8g of powdered (NH,4) 280, and immerse in a 
water=bath at 30-35°, stirring frequently, for about 1/2 hour.. 
mhe liquod becomes saturated with (NH.).80, and a precipitate forms. 
Finally transfer the filter. Notice *tKe terfect clearness of 
the filtrate. 


Test a pertion of the filtrate by boiling; another portion 
with tannic acid. 


fo another portion apply the biuret test in the cold. 


The ab’ence of proteids in the filtrate demonstrates that al- 
bumin end globulin and completely precipitated on saturation with. 


(NH4) §€0,. The absence of a biuret reaction indicates the absence 
of a pepton 


5). Detection of globulin in the urine.--As indicated under 
albumin (Experiment 9 2, page 20) the ordinary tests for albumin 
are also given by globulin. In order to ascertain positively which 
of the two, or if both are present it is necessary to resort to 
the saturation method with MgSo,. For this purpose 100cc of the 
urine can be taken and neutralized. 120g cf powdered MgSO, are 
then added and the lisuid kept at 30-35°, with frequent stirring, 
till the MgSO, ceases to dissolve. If globulin is present a pre- 
cipitate wili form. this can be removed by filtration washed with 
Saturated MgSO, solution, and finally dissolved in water (See page, 
Sieputin Ii. 17) mhis solution of the MgSO, precipitate can now 
be tested. It coagulates on heating especially if slightly 
acidffied with acetic acid. It gives the nitric acid and heat 
tests, also the biuret reaction. 


fhe filtrate fvom the MgS04 precipitate contains albumin if 
any is present. The tests just given applied t2 this filtrate, 
if positive, prove the presence of albumin. 
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This compour*? or rather group of compounds can be readily pre» 
pared from White's or Schuchardt's commercial pepton since this con- 
Sists largely of albumoses. Albumoses are wrecipitated by sat- 
uration with (NH4).S0, or with NaCl in an acid solution. 


A 20% solution of the commercial pepton is used. The powder 
readily dissolves especially if the liquid is warmed and thoroughly 
stirred. 


1[. Place some of the solution in a test-tuhe and heat to | 
boiling. phe liquid does not coagulate thus indicating the absence 
_ of albumin and globulin, 
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2). Tg lOcce of the solution ada 10cc of saturated (NH4) 2504 
solution cne ahort °¢ of pnowderad (NH,),S0,. Saturate the lLiyuid 
in a water-bath at about 30+35° accordifig to the directions ziven 
in experiment II, 4. Notice the sticky precipitate that adheres 
to the rod and te the sides of the beaker or tube. Since albumin 
and globulin are absent (Exp? 1.) the precipitate that forms 
consists of albumdses. fransfer the precinibate to a filter 
and wash with about l0cc of saturated (NH) S0,. 


Save the filtrate (A) for subsequent tests for pepton. 


By means of a glass rod gather the sticky albumose predipitate 
and transfer it to about 20cc of water in a test-tube. While 
Stirring, heat the liquid carefully and the albumose dissolves com 
pletely. 


With this aqueous solution of pure albumose make the following 

tests, employing small quantities of the liquid abou’ lec. 

a.) Heat a portion to boiling. It does not coagulate, 

b.) To a portion add NHO,, drop by drop. A slight precipitate 
may form which dissolves and fives a yellow solution. If there is 
‘no permanent precipitate add some saturated NaCl, drop by drop, 

till a precipitate does form. Now heat gently the contents of 
the tube. mhe precipitate dissolves and on cooling reappears. 
This reaction is characteristic for the albumoses. 


In the absence of NaCl some of the albumoses, especially 
dentero albumose, do not give a precipitate with NH0Og An excess 
of NaCl, however, should be avoided since tn that case the albumose 
precipitate does not dissolve completely on heating. 


c.) Fo a ortion of the solution add a few drops of acetic 
acid (1-10) and 2-3 drops of potassium ferrocynide. If no pre= 
cipitate forms add NaCl according to directions given above under ¢.)i 
A precipitate then does form and on heating gently it dissolves. 


On cooling the solution it reappears. 


This reaction, like the predeeding, is also characteristic 
if albumoses. A certain amount of NaCl is necessary as in the 


d.) To about lce of the solution add 1-2 drops of dilute 
acetic acid and about 5cec of a saturated NaCl solution. A pre=- 
¢ipitate or cloudiness results. On heating this disappears, 
to reappear on cooling. 


To the remainder of the solution of albumose apply the tests 
given in the table (page 23) and note the result. In which of 
these reactions will the presence of chlorids and of ammonium 
salts interfer? 


Apply the biuret test without the aid of heat. Fhe. hydra-~ 
- “tion proteids- give this reaction readily in the cold. 
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3). Detection of albitttose in the urine. | 

The reactions given above under 2, especially b,c, 
and d, are characteristis of albumoses. To detect albumos in the 
urine, or in other liquidé, it is necessary first to remove t1e 
albumin and globulin. This can he readily done by acidutainne 
very little with acetic acid and applying heat, The albumin and 
globulin coagulate. To the filtrate the biutet test can be applied. 
If the result is negative it indicates the absence of albumoses 
and also of pepton. If, however, the result is positive it is due 
either to albumoses or to pepton, or to both. fhe tests gaven 
above under 2b, c, and d can now be applied and if positive, 
the presence of albumose is demonstrated. If these tests fail 
the positive piuret reaction is due to pepton. 


PEPTON, IV. 


Pepton is not precipitated by (NH4) 2S0,. The filtrate (A) 
obtained in oe 2 under albumose fhe Fefore contains pepton 
if it be presen 


To this filtrate apply the biutet test in the cold, A pos» 
itive reaction is due to pepton. As indicated before the hydrated 
Pp . 
proteids, as a rule, require heat, 


Fo obtain a pure solttion of the pepton it would be necessary 
to resort to dialysis, oar to treatment with baryta on a water#bath 
to remove the (NH4) 9S0,. 


To the origional filtrate containing pepton apply the tests 
given in the table on page 25 and note the results. With which 
of these reactions will the (NH) 9804 present interfer? 


Detection of peptons, 

To about 500cc of the urine, or to an aqueous extract of the 
tissue to be examined, made at about 40°, add just enough lead” 
acetate to give a strong presipitate and filter, fhis rémoves 
mucin, fest the filtrate for albumin and if present remove 
in the following manner: Add a little sodium acetate and then con= 
centrated ferric chloride till the mixture is blood red in color, 
Then neutralize with potassium hydrate (or leave slightly acid), 
boil, cool and filter. mhe filtrate should give no precipitate 
With acetic acid and potassium ferrocyanich (absence »2f iron and 
of albumin). If it is perfectly free from albumin make the follow 
ing tests: 


1.) Add acetic acid and:  bhosphotungstic acid--a cloudiness 
forms on standing if pepton is present. 

2.) If pepton is indicated by the above trial it can be ise 
Olated by the following method: Add 0.1 volume of concentrated 
‘hydrochloric acid and then phosphotungstic acid also acidulate 
with hydrochloric acid, as long as a precipitate continues to 
form. Pilter at once and wash with dilute sulphuric acid (35 to 
5cc in 100cc water), till the filtrate is colorless. While the pre-= 
Gipitate is still moist mix it with an excess of powdered barium 
hydrate, add a little water, gently warm for a short time and filt er. 
fo the filtrate which contains pepton apply the biuret test, 

(Hafmeister's method). 


\ i 
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This method does not indicate true peptones only, but also 
aBLlbumose . 


Another method for the detection of pepton i8 based upon its 
behavior to (NH)SO,. The method as employed by Devoto is: as 
Follows: To 2008500cce of the urine add 80% by weight of (NH4) 950, . 
This is added to urine even if albumin and globulin are absent 

in order to remove neucloalbumin. Warm the mixture on the water 
Path till the salt didsolves. mhis will occur in 10-15 minutes... 
Now place the beaker in a steam sterilizer for 50-40 minutes or 
longer. The albumin coagulates complately irrespective of the 
reaction of the fluid. mhe mixture is allowed to cool, then filtered 
The filtrate can be tested by the biuret reaction. If positive 
pepton is present. It can further be precipitated with tannic 
acid. 


The residue on the filter can be washed with hot water will 

é filtrate ceases to give a test for Bas04. If the Tilter has 
reviously been dried and weighed, and is now again dried and weighdd 
he difference is due to the albumin and globulin. (See eztimation 
f albumin and globulin.) 


ae 


. 


The first portions of the hot wash-water are collected} combined 
sted by the biuret reaction. If positive it is ordinarily 
© be due to pedton (Devoto, Jakash.) 


The Hofmeister method will often give positive results where 
Devoto's method fails. , 


in reality the reaction in that case is due to aibumoses. 
The true pepton which would be present in the filtrate from tre 
cold saturated solution seems to be very rare in mine. , 


fs used in a clinical way the term "papton" includes pepton 
anc alibumoses. Such pepton may be present, though not always; 
in the biood of ths leukaemics duting life. The blood obtained: 
from deceased leukaemics, especially if decom:osition has set in 
28 rich in such pepton. The normal liveSr does not contain pepton. 


‘whereas the spleen does. The liver and spleen of leukaemics 


16 Fien in such pepton. 
Another process for the detection of true pepton is as follows: 


Saturate the solution at the boiling point wiih ammonium 
Sulphate and filter while boiling hot. Allow the filtrate to cool; 
decant the liquid from the crystals which separate, dilute strongly 
and precipitate the pepton by cautious addition of tannic acid. 
ret. stand for 24 hours then filter. Boil the precipitate for a 
few minutes with baryta water filter and from the filtrate remove 
the excess of barium by passing carbonic acid. ilter off the 
barium carbonate and test the filtrate for biutet. 


aie 
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GELATIN, V. 
To study the reactions Of gelatin a oe sohution of the best 
French gelatin (silver) i8 employed. 
1). Shake up some of the solution. Notiwe the foaming of 
the liauid. 


‘2). To a portion of the solution add some bromine water. 
An abundant, yéllow, sticky precipitate forms. 


3). In each of two test-tubes add 1+2 drops of saturated HgClo 
soluyion. To tube 1 add about 5cc of the gelatin solution. To 
tube 2 add an equal volume of water. Then add to each tube some 
HoS=water and heat. Tube one is dark yellow but contains no pbex 
Cipitate, whereas tube 2 has a blackish precipitate of HgS and the 
liquid is clear. Gelatin prevents the precipitation of many 
OStherwise insoluble, compounds. 


4). To the geletin solution apply the several tests given 
in the table on page 23. Tabulate the results; and carefully 
note the differences. 


Observe that the heavy metald do not precipitate gelatin, 
whereas the other proteids are precipitated. Also, that gelatin 
is not precipitated by ferrocvanide even in the presence of Nal 
and in this respect it resembles pepton. 


the Xanthoproteid reaction is weak owing to the absence of 
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the phenol group, CgH50H. The biuret reaction applied to the Gold. 


solution cf gelatin gives a bluish violet color, whereas pepton 
gives a purple red, Millon's reagent gives a white preci» 
bitate thich on heating becomes red and the liquid becomes pink. 
It is probably that &aAl the other reactions are not strictly due 
to the gelatin but to a mixture of some pepton or albumose. 


CHAPTER IV. 


SALIVA. 


waliva is a mixture of the secretions of tne varotid, submaxil-~ 
ary, and 6ub<lingual gladds. The reaction of mixed saliva is usualazy 
eet but may Of Sasting also during the 1tght toward morning, 
Shburs after meals, or after much talking, hecome acid. Tt 

“becomes acid on standing = rew hours. (Repin’. It is more or 
opaiescent and viscid and foams readily. The character wf the 
iva will vary according to which glanij furnis.es the most of the 
retion, The proteid giand yfeids a rluid secretion whereas the 
maxillary and lingual glands yield slimy secretions. In 

ile diseases the secretion of daliva may be diminished or wholsy 
ressed, and hence dryness of the. aouth and throat, as well as 
red taste. A decrease is also opserved in diabéées, in severe 
NOEES as in cholera. The adm .<1gtration of potassium iodide 
mercury produces an increased flow, or salivation, and the com 
on of the saliva itself becomes altered. Albumin hec umes 
$ and the amount of salts in solution is increased. An in 
d flow of saliva (ptyalism) ‘s also brought about by irritant 

Ss such as acids and alkalis; also by certain foods, ismon, ete, 
and occurs also in some diseases, especially in inflammatory condi~ 
Lions of the mouth, tonsil, and palate. 

[In icteric conditions the saliva does not contain bile constitu 
ents. In diabetes it does not contain sugar. In the latter case, 
however, the action may be acid because of lactic acid. In nephritis, 
urea may be present in the saliva, and uric acid has been found in 
uraenic conditions. Leucin has been found in the saliva of a hys- 
teric case. 

Salivary calculi which ure occasionally deposited in the sali~ 
vary ducts consist chiefly of calcium carbonate and phosphate with. 

'oOrganic matter. The tartar leposited on teeth has essentially the 
Same composition, the phosphates however predominate. These calci~ 
‘Um Salts are held in solution in the saliva by carbonic acid. fm 
exposure to the air this passes off and the salts are deposited. 
The. specific gravity of the mixed saliva varies from 1.002 to 
2.008 and -ontains 1/2~-1% of solids which consist of albumin, mucin, 
“Ptyalin, traces of urea and other nitrogen compounds and mineral 
constituents. The amount of saliva secreted in the course of 24 
hours “> 1400-1500 cc. The flow is increased after meals and by 
er oterpin. -Atropin diminishes salivary secretion. 
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4 The chemical examination of saliva has at present but little 
clinical significance. Physiologically, however, the composition , 
end action of saliva is of the greatest importance. The ferment Fe 
or enzyme present in the saliva is known as ptyalin and possesses 

@ diastatis or amylolytic action. That is, converts starch into 
Gextrin, then initio isoemaltose and maltose. Eventually glucose forms - 
Probebly however tne result of the action of an inverting ferment. 
Pryalin ie not present in the saliva of all animals. The parotid 


Mulive ai new-born contains ptyalin, whereas the submaxillary 
saliva docs ' egntain it for several months. In the saliva of 
ome animajis as horse the ferment is not present free but as & 


Wmeszen frou. whitch it readily farms in mastication. This as well 
fs the other enzym*c, +s ‘regeed down mechanically. by a. precipitate 
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ef calcium phosphate and this fact is utilized to ‘obtain the ferment 
in a comparatively free state. 

Although ptyalin resemblesin its action the diastase of malt, il 
it is Gifferent. This is seen in the fact that the former acts best 
at 40°, the latter at 50-60°. The amount of ptyalin present in the. 
Saliva is subject to variation. HCl not only prevents the action 
but it also destroys the ferment. The action of the ptyalin is mst 
marked in neutralized or very faintly acid saliva. 


A microscopic examination of the saliva will always show epithe 
lial cells from the mouth and tongue, also salivary and mucous 
corpuscles. Bacteria are always numerous, and cartain species as the 
leptothrix, spirillum, and spirochaete are almost invariably present. 
Among the pathogenic forms found in the mouth in’ health @r in disease 
may be mentioned the bacilli of diphtheria, tuberculosis and tetanus, 
Fraenkel's diplococcus, the micrococcus tetragenus and the pus=pro- 
ducing staphk%ococei and streptococci, the fungus of thrush and of 
attive mycosis. Blood or pus cells may be predent in the saliva 
in inflammatory suppurative conditions of the mouth, gums, etc. 

Rub the tongue eheroughay over the inside of the mouth, teeth 
and gums, collect the saliva and examine under the microscope for 
epithelial cells, salivary corpuscles, etc. 


The saliva necessary for the following expeyiments can be readily 
Obtained by chewing a piece of pure paraffin. ' Commercial gum must 
not be used inasmuch as it contains sugar. Collect about 100 cc. 
of saliva. 

' 1). Test the reaction of the mixed salivawith litmus paper. What 
is it? 

2). Nearly fill a 50 cc. graduate with saliva. If there is 
any foar on the surface remove it with a piece of filter paper. Then 
immerse an urinometer and note the specific _ of mixed saliva. 
What is the reading if immersed in pure wate ) 

3). To about 5 cc. of saliva add a few ene of acetic acid {1+10) 
and gently agitate. A flocculent precipitate of mucous forms. 

4). To some saliva apply the biuret test (Exp. bis oN eee 
result is due to mucin. 

5). To some saliva add a @rop of nitric acid and boil. Is al» 

bumin present in saliva? 
: 6). To the contents of the tube from the preceding experiment 
add NH4OH. An orange yellow solution forms gzanthoproteic reaction. 

7). To some saliva add a few drops of Millon's reagent. A | 
heavy yellowish precipitate forms which on boiling Desomes reddish. i 
This is due .o mcin. a 

8). To some of the saliva adé a drop of dilute HCl, then, drop : 
by drop, dilute ferric chloride till a red coloration results. This a 
is due to the formation of ferric sulphocyanide. The reaction is | 
more distinct kf after the addition of HCi1 the liquid is filtered i 
and the ferric chloride is added to the filtrate. i 

9). To another portion of saliva add a little iodic acid and sme 
starch solution. Iodine is liberated and colors the starch blue. | 
This is-due to a sulphocyanide. Explain the reaction. | 

10). To some sativa add a few drops of dilute Hg0,, mix; then : 
add a few drops of a colorless solution of potassium iodide and ; 
finally a few drops of starch solution. tne i Ay Reh dalton oe i 
@abors the starch blue. This is due to nitrous acid. piain . . 

11). To some saliva add a drop-er tro of~diluts HC1,then 23 drops i 
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of a saturated sulphani#ie acid solution and mix. Now add a few 
drops of naphthylamine hydrochloride. A pink or red solution indi~ 
cates the presence of nitrous acid. This test is employed in teste 
ing for nitrates in water analysis. 

| 12). Take a small dose of potassium iodide, rinse out the mouth 
thoroughly with water and test some of the saliva, at ance for KT. 
This is done by adding to some of the saliva a little chlorine=water . 
and then shaking with carbon bi~sulphide. A pink coloration of 

the latter indicates iodine. Iodine should be absent from the saiva 
after rinsing. After that collect a little of the salive every 10 
minutes and test for iodine as above. How soon does KT appear in 
the saliveafter being taken into the stomach? ’ 


15. Separation of Mucin.-- Pour 10 cc. ofthe saliva slowly and 
with constant stirring, into 50 cc. of absolute! alcohol. A fi- 
brinous light precipitate forms. Allow to settle over night in.a 
covered beaker. Then filter, wash the preeipitate on the filter 
twice with alcohol, then with ether. Spread out the filter to dry 
and finally with a spatula remove the white chalky powder of mucin. 

a. To a little of the powdered mucin in a tube add some 
water. It swells up but docs not pass into solution. Then ad@ a 
drop or two of KOH when it dissolves forming a ‘milky solution. To 
this solution now apply the biuret test. What is the result? 

b. Place the remainder of the power iin a tube and add di- 
lute HCl (1-3) and boil for some minutes. Transfer a portien to 
another tube, cool, render alkaline with KOH and boil with Fehling 
solution. The formation of red cuprous oxide indicates the presence 
ef a reducing substance. If this test is not given, boil again, 
ame the remaining original liquéd and again test a portion as above. 

Mucin is a complex proteid substance and on decomposition, as 
apove, it yields a reducing compound which, however, is not sugar. 
What other substances on heating with an acid yield reducing substances 


14). Action of Ptyalin.-- Prepare a starch solution according 60 
the directions given under starch. Into each of the eight tubes 
place about 3 ce. ef Fehling's solution. Into each of other set 
of 8 tubes place 1-2 drops of dilute iodine solution. 

a. To 50 cc. of the salt solution in a graduate 6 drops 
of saliva are added at once and mixed thoroughly. Immediately 
after mixing pour 2-3 cc. of the mixture into a tube containing 
Fehling solution, and also into a tube containing the iodine. The 
latter cclors deep blue--due to starch. Boil the tube with Fehling 
solution. No react ion.should take place--absence of sugar. 

At intervals of two minutes apply the test with Fehling solu-~ 
tion and with szudiane to the mixture in the manner just given. Tabu- 
late your results, noting the time when sugar appears in the mix 
“ture; when erythro-dextrin and achroo-dextrin appear. The time.of 
appearance of the latter is spoken of as the achromic point. When 
this is reached boil some of the starch mixture with Barfoed's re- 
| agent. What is the result? What does this indicate? 

At the conclusion of this test add to each of the iodine tubes 
3 cc. Of water. The characteristic color of the starch and the 
several dextrines will be more apparent. Complete conversion 
Should take place in about 15 minutes. If it does not repeat the 
_ experiment using a larger amount of saliva. 

- >.  b. To  eciof atareh solution add..5-cc. af. saliva, 
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mix and make tests as rapidly as possible with isdine and with Feh- 
ling solution. What is the result? 


c). Boil 5 cc, of saliva in a tube for 1-2 minutes, then 

a@dd 10 cc. of the starch solution and mix. Immediately test a por- 
tion as above and also at the end of 15 minutes. What is the result? 
What is the action of heat on ptyalin? 


ad). To 10 ce. of starch solution add 0.2 cc. 
@cid solution, mix and then add 2 drops of saliva. TG 
with iodine and with Fehling solution, and also at the 
and 15 minutes. The mixture contains about 0.02% ace 
as the effect of this emount of acetic acid on the r 
sion? 


of a 1% acctie 
t 


eng of Sy a0, 
i 


e). To 10 ce. of the starch solution add 0.6 ce. of a dilute 
HC1(0.3%). The latter is prepared by ad@ing 10 cc. of ths concen= 
tratec acid to one litre of water. Mix and then add 2 drops of 
saliva. And again mix thoroughly. This mixture now contains about 
0.02% HCl, about the same degree of acidity as in the preceding 
experiment, and about .1 of that of the gastric juice. Test the 
mixture at once with iodine and with Fehlingsolution, and also at 

mhe erd of 5, 10, and 15 minutes. Note carefully the result. How 
doesthe action of HCl compare with that of acetic acid. 
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CHAPTER V, 
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Ie RECOGNITION OF FREE HYDROCHLORIC ACID.- 

Three solutions of dilute HCl labelled 1, 2 and 3 will be found. 
on the side~table. Solution 1 approximates in strength that found 
in the gastric juice. It is prepared by diluting 6cce of HCl 
(1.19 specific gravity) to one liter (=0. 25%). Solution 2 is 
prepared by diluting 200cc of solution 1 to one liter (=0. 05%). 
(20.017) © is prepared by diluting 200cc of solution 2 to i liter 


A 2% pepton and a 1% lactic acid solution will also be found 
on the side table. If the pepton solution is slightly alkaline 
it should be faintly acidified with acetic ar lactic acid. 


The following tests are given in the order of their delicacy. 


1). Di-menthylamidoazobenzol.--This reagent is used ina 0.5% 
alcoholic aolution. Add 3-4 drops of the reagent to some of the 
solution to be examined. If a pink red color forms a free ses Alin 
acid is present. In the case of gastric juice it is. HCl. ‘ 
yellow color indicates an absence of HCl. Certain substances 
juch as pepton and organic acids tend to interfer in this as well a 
as in the subsequent tests. . 


Note the results obtained with solutions 1, 2 and 3 in th : 
first column. Then mix the same amount of these solutions with. 
an equal volume of 2% pepton and to this mixture apply the test 
and note the results in the second column. In the same. way 
a mixture of the three solutions with an equal volume of a Ip 
solution of lactic acid, test and note the results. 


aa 2% pepton. aa 1% lactic acid. 
e Ve s e e oO e 
nec of Solution he 
zac.” ee 
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imit of delicacy. 
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Apply the test to the:solution of pepton, also thethe soln 
tion of lactic acid. Report the results. 


2). Giinzburgés reactiun of the phloglucin-vanillin test.~~ in 
The reagent is prepared ot apaarabibaias lg of vanillin-and.2g of 
phlorogiucin in 100cc. of. alcohol. 
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Place the solution to be tested in an evaporating dish add 23 
drops of the reagent and carefully evaporate over a small flame 


to aryness A purple or pinkish+red color indicates free HC]. 
This has long been considered the most delicate test for free HCl. ; 


fpply this test to solutions 1, 2 and 3 and to mixtures as 
indicated in the table given in experiment 1. Carefully nete the 
limit of delicacy of the reaction under “he several conditions. 
Tabuiate results as above. 

3 ). Boas! reagent.~-fhis is prepared by dissolving 102 of 
resorcin, 3g of cane esugar and 5cce of alcohol in i10Ccc of water. 
Place in an evavorating dish the solution to be tested, add 2-3 
drops of the reagent and evaporate over a small flame to dryness. 
If a free mineral acid is present a rose or pink+red color devele 
Op Ss and gradually fades on cooling. 

Apply this test to solutions 1, 2 and 3 and to mixtures as 
indi sated in the table given in experiment l. Note the limit of 
delicacy and tabulate the results. 


4). Trepascolin 00.-- A golution of this reagent is prepared 
by dissolving 0.25 g of the reagent in 1000cc of water. Instead 
of the solution tropaeolin papers may be employed. They are ,; 
however, not cso reliable as the solution since with distilled water 
they sometimes give a pink color. TO some of the acid solution 


edd a crop of the reagent (or immerse a st crip of the tropaeolin 
pever}. A pink color is due to free mineral acid. If the solutin 
is evaporat ed carefully to dryness a biuish residue remains. 


Apply this test to the solutions as given in experiment 1 


and tabulate the results 


5}. Congo red papers.--The ssi of these papers is changed 
on contect with mineral acids to a deep blue, whereas organic acids 
yicéid a violet. ‘Immerse a strip of the paper in lec of the solutions 
1; 2 and 3, also lactic acid and distilled water and report the 
retuits and the delicacy. 


6). Benzopurpurin 6B papers.-- These papers are turned to an- 
intense dark brown color by mineral acids. With strips of thie: 
paper make similar tests as those given in experiment 5 and report 
the results. 


7). Methyl violet.-- A solution of this resgent is prepared 
by dissolving €.5g in 1000cc of water. ro the solution to be tested 
ada 1-2 drops of the reagent. Free hCl gives a copper=bive color. 
Crganic acids yield a violet biue. Apply this test, first to 
soire distilled water, and note the color. Finatly apply the test 
to the solutions 1, 2. and 3 and compare the results. Also test 
pepton and lactic acid. mixtvres and tabulate the resulis as under 
6x periment 1. 
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Il. DPTECTION OF LACTIC ACID. 

Uffelmann's test.--The reagent is prepared by adding a drop 
of dilute ferric chloride to 10cc of a 2.5% carbolic acid solution. 
The liquid is colored blue. This color is completely discharged 
by mineral acids leav@ng a colorless solution, whereas organic 
acids discharge the color and leave a straw yellow solution. 

A 1% lactic acid solution os used. 


1). In each of 3 test-tubes place 5cce of the reagent then add 
to each about 1/2 cc sf the lactic acid solution. mhe blue is 
replaced by a tbtraw yellow color. 


To each of thesé tubes now add respectively an equal volume of 
the HCl solutions 1, 2 and 3. Note the interference, if any, 
in the lactic acid reaction by the presence of free HCl. 


2). In each of the 3 tubes place 5ce of the reagent, then add 
respectively an equal volume of the HCl solutions 1, 2 and 4. 
Compare the results with that obtained above with lactic acid. 


3), In cach of 6 tubes place 5ce of an almost coloress solu- 
tion of FeCl-. 10 tube 1 add lec of the HCl solution i. To 
tube 2 add icc of the lactic acid solution. To tube 5 add lice 
of the 2% pepton solution. To tube 4 add lec of alebhol. To 
tube 5 add lice of a 4% solution &#f canesugar. . ube 6 
remains blank and serves for a companion. Carefully nove the 
results. 


It is evident from the above experiments that this test for 
lactic acid is not characteristic. In the first place free HCl 
if present in sufficient amount may interfere; and secondly, a 
similar test is given by a number of substances which may at times 
be present in the stomach contents. In order to obtain a positive 
test for lactic acid it is necessary to isolate the lactic acid 
from the liquid by extraction with ether. the liquid must be 
extracted several times with ether. mhe ether is then distilled 
off, the residue dissolved in water and tested as above. 


III. PEPTIC DIGESTION. 
The following solutions will be found on the’ side-table. 
1). A 0.25% solution of HCl. This solution is the same as 
Solution 1. used in tonnection with the tests for free HCl. 
It corresponds to the normal acidity of the gastric juice. 


2). A solution of pepsin in water. fThis.is prepared by dis- 
solving lg of pepsin in 1000cc of water.° 
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S)e A pepsin-hydrochloric acid solution. This is prepared . 
by sail lg of vevsinr in 1. liter of RACE EO Ls 


Label 6 tubes and equip as follows: jae 


1). Place in tubes 1 and 2 20cc of solution 3 and. shout Be" 
of fresh washed fibrin. Too much fibrin should be avoided. 
Place in tube 3 10ce of solution 3. Immerse in. boiling 
water for about 2-35 minutes; then cool to. 40°, and add 2g of fibrin. 
Place in tube 4, 10cc of solution 1 and about 2g of fibrin.. 
Piace in tube 5, 10cc of solution 2 and about 22 of Tibrin,. | 
Place in tube 6, 2.5cc of solution 3 and 7.00 of solution 1. 
Then add about 2g of fibrin. 
The tubes thus prepared are placed th an inoubator at 40° 
or immersed in a water-bath having that temperature. - At the end 
af 15 minutes the tubes are taken out and examined... Observe. that in 
all the tubes, except tube 5, the fibrin has swelled up so that the 
contents of the tube age solid. Return the tubes to the incubator 
and’ examine at the end of every hour for the next three hvurs. 
Observe the change that takes place in tubes 1 and 2 and compare © 
carefully with tubes 3, 4 and 5 and with tube 6. ey 3 
The tubes remain in the incubator till next day. If, however, 
tube 1 is aompletely digested in 2-3 hours it should be treated. — 
at once according to experiment 2. Then carefully examine and |, 
note the condition of each tube. In tubes 1 and 2 and pdssibly “.. 
in tube 6 the fibrin hasd&ssappeared. A finely granular, whitish... 
Or brownish sediment is left. What is it.? Tubes 5 and 4-are.. 
about alike. The fibrin is gradually being dissolved by the di= = °°’ 
lute acid. The pepsin added to tube 3 evidently has been des~ “ae 
troyed by boiling. No change in tube 5. 


Return tubes 2, 3 and 4 to the incubator and keep there fon: Re 
3=4 days longer. ; 


2). Filter the contento of tube l. 


a). To 10cc of the filtrate, in a small beaker, or in a wide 
test-tube or pot, add 8g of powdered (NH 4) 9504. Immerse for. 
1/2-1 hour in a water-bath at a Lanaviturs of 30~35°. Stir with 
a rod frequently to bring the salt into solution. -When. the ‘salt. 
ceases to dissolve,iewhen the liquid is saturated the albumose 
present will be thrown out of solution as coarse floccules which 
rise to the surface forming a sticky or Bhiimy layer. Transfer 
the liquid to a filter previously moistened with a little: atu 
ated (NI1,) S04 solution. 

Wash the residue with l0cc of saturated (ita) 2804 sdlution. 


a'). The clear (NH 


4) 2804 filtrate contains pepton. | Test this, 
solution as follows: ; 


little albumose is precipitated. Why? 
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age 
as t0 8 1itbWor the liquid add an equal volume of str 

NaOH, then 1-2 drops of very dilute Cusd 4 solution. A pink color 

results. The biuret test its given in tre cold by the hydrated 

proteias, . 


}. To another portion of the filtrate add 1-2 drops of a 
fresh tannic acid solution. Avoid an excess of reageht. A heavy 
white precipitates forms. 


£- 


3). To a portion add one to two drops of dilute acetic acid, 
then a drop or two of potassium ferrocyanide. What does the 
absence of a precipitate mean? 


}) he (NH,) 2804 precipitate left on the filter is albumose. 
afer to a tube, add distilled water, warm gently and stir with 
& rod till dissolved. Test this solution as follows: i 


1). Boil the solvtion. Absence of coagulation shows absence 
of albumen and globulin 


2). To a portion apply the NHOz and heat test for albumen. 
5). To another portion apply the acetic acid and potassium 
ferrocvanide test for albumene. 
ct). With the remainder of the filtrate from tube 1 make the : | 
foilowing tests: he 


i). Heat a portion to boiling. Wha’ does the absence of co- | 
agulation. mean? | i 
2). To a little of the liquid (lec) apply the biuret test fe 

&S given above under a'i-i. “ill 


Fxactly neutralize the remainder of the solution with dilute oe 
NaOH and test for albumoses as follows: 


3). To a portion add 1-2 drops of dilute acetic acid and a 1 
drop or two 6f Yferrocyanide solution. If no precipitate forms fi 
add some NaCl solution according to directions given test. 


4). To another portion apply ghe NHOz and heat test fcr albumose. | 


5je 70 the yellowish liquid obtained in tube 2 add an excess Ai 
of NH4OH. An orange yellow color results--the Xanthoproteic | 
reaction. 1 i 


6). To another portion of the Jiquid add 1-2 drops of fresh. 
tannic acid solution. Heavy white precipitate. 


3), After tube 2 has been kept for 3-5 days at 40°, filter 
the contents. Saturate 10cc of the liquid with (NH4) 250, according 
to the directions given anove. The liguid is cloudy but very 
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Filter the saturated liquid and to a portion of the filtrate 
apply the biuret test as given above under a'-l. 


4). The fibrin in tubes 3 and 4, in a few days at 40°, is 
completely dissolved by the acid present. When this occure unite 
the contents of the two tubes and filter. Exactly neutralize the 
filtrate according to directions given in test 22, a“heavy white 
precipitate shows the presence of acid albumen or as it is some- 


times called syntonm. Pepton may also form but will remain in 
solution. 


IV. EXAMINATION OF STOMACH CONTENTS. . 

1). The stomach and contents of a recently fed rabbit (or 
larger animal) are cut up, diluted with about 500cc of water 
and placed at 40° for about 1 hour. The mixture is then filtered 
through muslin. This dilute gastric juice is used for the fol- 
lowing experiments: 


i). Test the reaction with litms paper. It is distinctively 


2). Test portions of the liquid for free HCl according to I, 1&2, 
3). Test a portion for lactic acid according to II, l. 


4). Fo 10cc of the solution add a shred of fibrin or a flake 
of coagulatedegz albumin. Set aside at 40° for 2-5 hours, 
If not dissolved let the tube remain at this temperature over night. 
Then filter and to the filtrate apply the biuret test in the cold. 
Beas. 28. 


{ 5). Apply the biuret test direct to a portion of the dilute 
_ gastric juice and compare the intensity of the reacfion with that 
_ obtained in 4. 


q 6). In each of 3 test-tubes place 1l0ec of fresh milk. 
_ To tube 1 add 2cc of the solution, preciously carefully neutralized. 


' To tube 2 add one drop of commercial rennet solution. Tube serves 


as a control. Set the tubes aside at 40° for 1 hour then examine. 


‘ 2). Test for pepsin.——-The following test is applicable to 
vomited matter, or the liquid obtained from a stomach. Dilute 20ccce 

| of the liquid, if neccessary, and filter, To one half of the 

filteate in a test-tube add a few shreds of washed fibrin, or a 

flake of coagulated agg albumin. Set aside at 40° for 1/2-1 hour. 

The fibrin should dissolve,the egg albumin requires more time, 

If no digestion takes place it may be due to the absence of HCl, 

or Of pepsin or of both. 


§ To the other half of the filtrate add an equal.volume of 0.5% 
‘HCl, This is prepared by diluting 6cc of concentrated HCl (1.19 
specifia meet ty) with water to 500crc. 
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To the mixture of filtrate and cgic. é&@ itivcin or egg albumin 
and set aside at 40° as above. If in both these tests the fibrin 
or albumin remains undissolved it is due to the absence of pépsin, 


Each student will receive five "ukknowns" and these are to be 
tested for lactic acid, free HCl, and for pepsin. Report the 
results. ae 


Pepsin is not present in the gastric gluid in atrophy of the 
mucous membrane of the stomach. 


fhe flakes of coagulated egg albumin are best prepared by 
Isradually pouring a dilute solution of the egg alhumin, with eonat eas 
me irring, into boiling water. 


CHAPTER VI, 
PANCRE@TIC SEGRETION, 


Gut up the fresh pancreatic gland into very fine pieces, 
or better pass it through an Enterprise fruit-press. The pulp 
thus ohtained can be used direct, or mixed with several volumes of 
water. 


Place about 10cc of the pulpy mixture in a small beaker, 
add 25ce of water and boil for about 10 minutes. 6rush the hard, 
coagulated lumps én a mortar and return to the liquid. Reserve 
this for experiment l. 


1). Cleavage action on fats.--The fat or oil employed for this 
test should be strictly neutral. t can be obtained in this cons 
dition by the following process: Place about 10cc of the oil 
(cotton-seed oil or butter) in a small separatory funnel, add 2066 
of water and render the mixture distinctly alkaline with NaOH, 
Then add an equal volume of ehher and shake till the fat dissolves, 
Draw off the aqueous liquid and to the ether add an equal volume 
of waterand shake again to wash the ether. Remove the aqueous 
layer and wash once more with water. Transfer the ether solution, 
filtered, if need be, to a porcelain dish and allow the ether to 
evaporite. The neutral fat is left behind, 


Place in each of two test-tubes about 3-4 cc of thé heutral 
fat, 15cc of water and a few drops of concentrated aqueous bine 
litmus solution. 


a). To one test-tube add about 5cc of the fresh pancreatic 
pulp mixture and shake, 


b). To the second tube add one half of the liquid containing 
the boiled pulp and shake. If the contents of the two tubes 
react acid add, drop by drop, a NagcO0z solution (2%) until the 
mixture is distinctly alkaline, 


Place the tubes in an incubator at 40° for 6-8 hours, or over 
night. Compare the reaction of the tubes, Reserve the two mix~ 
tures for the next-experiment, If the mixtures remain too long 
at this temperature bacteria develop and,gsiving rise to —_ 
reduce the litmus. The two tubes wiil then be : 
will give the same mesults in tha naxt- ae 


Under the influence of a ferment in the pancread, known aa 
steapsin, or plalyn, the neutral fat ee 
free fatty acid and glycerin. i ' 
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2). Emulsifying action on fatsi~-After digesting the two mix= — 
tures at 40° for 6- ours in the preceding experiment, shake thoroug 
ly and take ~ 1/3--1 2 of the mntents of each tube andtreat 
as follows: 


a). To a portion of the mixture from Exp. la. add about lec 
of Na,CO. solution (2%) and shake thoroughly. The liquid becomes 
milky and on standing the fat does not rise to the surface. 
Examine a drop of the emulsion under the microscope. 


b). To a portion of the mixture from Exp. lb. add NaoCoO 
solution as above and shake. The liquid does not emulsify. 
The fat rises rapidly to the surface’on standing. If bacterial 
decomposition has taken place, or if the fat was not neutral in the 
beginning, some emulsification will result. 


Why is the fat emulsified in one case and not in the other? 


3). Diastatic action on carbohydrates.-- Prepare a starch 
paste by boiling lg of powdered starch with. 100cce of water. 
Pace in gach of two test=-tubes l5cc of the starch paste. 


a)e To one add about 2cc of the pancreatic pulp mixture 
mix andplace in a water~—bath at 40°. 


b).s To the second add 1/4 of the boiled pulp . mixture and like- 
wise set aside in the water-bath at 40°. 


At intervals of abcut 15 minutes take out a portion, about 
zcc, from each of the two tubes. Test one half of each portion 
with iodine for starch and dextrine. Test the remainder for sugar 
by boiling with Fehling's solution. How soon does dextrine make 
its appearance? How early can sugar he recognized? When is the 
achromic point reached? 


Note the change in the appearance of the two tubes and the | 
difference in results. Compare this action of pancreas with that 
of sa&live.: 


4). Proteolytic action.--In a 50cc Erlenmeyer flask, provided 
with a cork, place about 5g of fresh fibrin and about 20ce of | 
chloroform water. This is prepared by adding 2ce of chloroform | 
to 50ce of water and shaking thoroughly. To the fibrin and chlor 
form water add about 5cc of the pancreatic pulp and mix well. 

Render the mixture distinctively alkaline by the addition of a is 
few drops ofmNajC0, solution (2%). Cork the flask and set aside © 
at 40° for 2-3 days. i 


Occasionally examine the contents of the flask and compare th 
rate of digestion with that of gastric juice. Note that the fibr — 
does not swell up as in gastric digestion, and that the edges are 
evenly eaten away. i 


The contents of the flask . .are_finally~slightly~acidulated — 
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with acetic acid, boiled and filtered. The filtrate may contain 
albumose, pepton, tyrosin and leucin. 


a). To a portion of the filtrate ap:ly the biuret test in the 
cold. 


b). To another portion add a few drops of bromine water and 
Shake. A pink to a purple-red color (proteinorchrom) develpps. 
This is known as the bromine reaction and is due to an unknown 
Substance, proteinochromogen oF tyyptophan. 


c). Concentrate the remainder of the filtrate on a wathh~ 
glass to a small volume (a few cc) and set aside in a co®l place 
over night. Examine the deposit with the microscope for tyrosin 
which forms characteristic bundels of needles, and for aeucin 
balls. If no deposit forms concentrate to a thin syrup 
and again set aside for examination. 


LEUCIN . C,HysNOp. 


This compound was formerly considered to be x=amidocaproic 


acid but the more recent stumies of Schulze and Likieruik have shown { 


it to bo x-amido-isobutyl-acetic acid-- (CH.) oCH. CHo.CH(NHo) .COoH. 
Leucine is.readily formed and is a constant Mihavues procuct, 

in the decom:osition of proteids, gelatin and horn. This decom- 
position occurs in pancreatic digestion; may be brought about by the 
actions of acids and alkalies at high temperatures; and may also 
occur as @ tomporary bacterial product during putrefaction. 

Plant proteids, as well as animal proteids, can give rise to leucin 
It can be readily prepared from proteids, or better white horn, 

by boiling with dilute HCl. Leucin has been found, in diseased 
conditions, in’ various organs and glands of the body, in pus, 

blood, and in decomposed epidermis such as is found on the feet 

and between the toes. In the latter case the peculiar odepn is tava 
ly due to decomposition products of leucin. This compound occurs 
with tyrosin, in the urine in liver diseases, especially in acute 
yellow atrophy. 


Leucin js ‘ dextro-rotatory in acid or in alkaline 
solutions but in neutral solutions is inactive. On heating with 
baryta it becomes inactive. By the action of penicilltum | 


the latter varicty is changed into a laevo-rotatory variety. 
Several isomeric leucins have been prepared synthetically. 


In the pure condition leucin forms glistening white plates, 
which do not readily moisten when touched with water. As usually 
met with, however, it forms balls or aggregations of spherical 
bodies which often showslight radial marking and are faintly 
refractive to light. When impure leucin is more readily solu :ble 
than when pure. It is readily soluble in cold water (27 parts); 
more readily in hot water. It is difficultly soluble in alsohol, 
but is readily solubte in acids and alkalies. It forms salts | 
“with ecids and bases. 
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e Showing experiments are made with leucin furnished by the 
poTratorys: ate 

: 1). To a drop of water on a slide add a little leucin, about 
e size of apin head. Observe the behavior on contact with water. 
en mix, place on cover-glass and examine under the microscope. 
fetch the crystals obsefved. 


_ Then add a drop of water to the edge of the cover-glass and 
mtiy heat over a flame until the leucin dissolves. Set aside to 
201 Slowly, then examine and sketch the crystals. 


2.) To a few cc of urine in a watch-glass add a little leucin, 
ix and head till it dissolves. Concentrate on the water-bath to a 
majl volume; cover with a beaker and set aside over night. Then 
lace the watch-glass under the microscope and examine with a low 
ower. Typical light yellow spherules or mulberry-like masses 
f leucin will be found. Transfer some of the deposit to a slide 
nd examine with a higher objective. 


: ia 3). To about 1c.c. of water in a test tube add leucin and 
WsShake till it ceases to dissolve. Divide into two portions: 

‘a a. To one add a drop of HCl, diluted. 

b. To the other add a drop of dilute NH, OH. 


a 


4 4). Plane some leucin in a glass tube, about 6 inches long, 

@nd open at both ends, and heat gently in an inclined position. A 
portion of the leucin is sublimed as a woolly deposit. At the same 
time an oder of amylamin is given off. 


[i 5). Dissolve some leucin in a little water and render the s0= 
Piution alkaline with Na OH. Then add a~-2 drops of dilute CuSO, so- 
® iution. The cupric hydrate precipitate which forms at first, redis 
‘solves since with leucin it forms a soluble compound. The solution 
Wis colored blue and on heating-does not reduce. This action of 
‘leucin is-similar to that of glycocoll, of tarbrates, and of bile. 


4 6.) Place in a dry test tube a piece of solid KoH about 1f2 
‘inch long; add some leucin and a drop of water. Heat cautiously 
“till the KOH melts. Place a strip of moist red litmus paper near 
‘the mouth of the tube. What is the result and to what is it due? 
Pour the melted KOH into a small beaker, rinse the tube with a litté 
water, and add this to the beaker. Place the beaker in cold water 
‘and add very cautiously, drop by drop, H,SO, till the solution is 
acid. Then heat the beaker over a f and note the peculiar odor 
of valerianic acid. If the odor is not marked pour the liquid into 
‘a test tube, cork and set aside for a day or two. On opening the 


tube the odor will be perceptible. 
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| 7). Place some crystals of leucin on a platinum foil, ad a 
drop or two of nitric acid (1.20 specific gravity) and evaporate care 
fully to dryness. A colorless scarcely visible residue remains. No . 
add a few drops of MaOH and warm. The residue dissolves forming a 


i tration on 
clear or slightly colored solution. On cautious concen 

«ily drop remains which does not mole een the gh ns po an 
spadity. This is known-as-Scherer's test and 1s ry characteris 


For the detection of leucin in urine see Tyrosin. 
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TYROSIN, CoH, , NO 


3 e 

Tyrosin has been prepared synthetically and is therefore known 
to be para-oxyphenyl-alpha-amidoprépionic acid, 

OH 

Tyrosin is a constant cleavage product resulting from the ac- 
tion of tyypsin, bacteria, acids or alkali&S on animal or vegetable 
proteids or horn. It is not obtained from gelatin or gelatin- 
yielding tissues. It is as a rule accompanied by leucin. It is 
present in old cheese and its name refers to this source. It is 
present in the intestines during proteid digestion but is not present 
in the tissues, bood or urine of the normal body. tt is met with 


in the urine in phosphorous pogsoning and in acute yellow atrophy 
of the liver. 3 


It forms deli cate colorless siZky needles which melt at 235°, 
The crystals often group in bundles and when very impure may form 
leucin=<like balls. It is very difficultly soluble in cold water 
(12400), more soluble in hot water, insoluble in alcohol or ether. 
It is readily soluble in dilute alkalis and in dilute mineral acids. 
In acid solution tyrosin is laevo-rotatory whereas the synthetic re 
duct or that prepared by the aid of alkalis is dextro-rotatory. 


The tyrosin necessary for the following experiments is furnished | 
by the laboratory: 

1). Treat a small portion in the same way as in experiment l, 
under Leucin. How can the bundles of fine needles of tyrosin 
be distinguished from similar bundhes of needles of fatty acids? of 
calcium sulphate? 


2). Test the solubility of tyrosin according to the directions 
given in eperiment 3 under Leucin. 


3). To some water in a test-tube add a little tyrosin, then a 
few drops of Millon's reagent. Heat the liquid till it begins to 
boil. It colors rose-red, and on standing becomes dark-red and 
may yield a red precipitate. This is known as Hofmann's reaction 
and is due to the presence of the oxy~phenyl group in tyrosin. What 
other substances give this reaction with Millon's reagent? 


4). Place some tyrosin in a dry test-tube, add a few drops of 
concentrated H.S0,. Place the test-tube in a water-bath and heat 
at 100° for abéut ; an hour. Then cool and pour the contents 
into a small beaker containing some water. To this liquid now 
add BaCOzin small portions while stirring, until the reaction ceases 
to be acid. Filter the Liquid and concentrate the filtrate toa 
very small volume. To this concentrated liquid add a drop or two 
of very dilute FeCl.. A beautiful violet cclorm develops... This 
test is known as Piria’s reaction. : 


= or  - PYROSTIN. 


5). Place some crystals of tyrosin on a platinum foil, add 
nitric acid (1.2 sp. g.) and warm. The tyrosin becomes bright 
orange yellow and dissolves, Evaporate very cautiously to dryness 
when a@ deep yellow, transp@rent redidue remains. Add a few drops 
of NaoH and a deep reddish=yellow solution results. This #6n eva» 
poration leaves en intense hl"¢kish brown residue (Scherer's test), 

A similar reaction is given by the other substances and conse~ 
guentiy it is not characteristic. 


6). To a boiling aqueous solution of tyrosin add some 1 per 
cent. acetdSc acid and then sodium mitrite solution, drop by drop. 
A beautiful red color develops (Wurster). 


7). To a hot aqueous solution of tyrosin add some dry quinone. 
The liquid becomes colored a ruby-red (Wurster). 


ETECTION OF LEUCIN AND TYROSIN IN URINE. 


Tyrosin may occur in the sediment in urine but may be in 
Solution. Inasmuch as leucin is more soluble it will be, as a4 rulg 
in solution in the urine. 


Precipitate the urine with basic acetate of lead, filter 
end remove the lead from the filtrate by hydrogen sulphide. Then 
concentrate the solution as low as possible and set aside to crys- 
tallize. Examine under the microscope for crystals of leucin and | 
tyrosin. If leucin is present it can be removed by means of warm 
alcohol. 
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CHAPTER VII. 
THE BILE, 


Bile is a mixture of the secretion of liver cells and of mucin 
derived from the cells lining the bile—bladder and duct. It isa 
thick, tenaceous fluid and is alkaline in reaction. The specific 
gravity ranges from 1.01 to 1.04. The color of bile varies in diffe-= 
ent animals. It may be light yellow, brownish yellow, brownish 
green, green, and greenish blue. Human bile is yellowish, at times 
greenish. Bile possesses a pronounced bitter taste. It does not 
coagulate on heating. Human bile contains ture mucin, whereas, ox-~- 
bile contains but traces of macin and instead om muceoahbumin. . 


The quantity of bile secreted in 24 hours is subject to con- 
Siderable variation even in health. In the case of fistulas, from 
0.6 to 1 liter of bile has been observed to be secreted in 24 hours, 
but the secretion under these conditions can hardly be considered 
as normal bile. The actual quantity fiven off in a day is probably 
not less than a half a liter. After a proteid diet the secretion 
is increased, whereas, with fath and carbohydrates it is less marked 
The secretion is also decreased in starvation. The secretion is 
continuous but with variable intensity. Inasmuch as the bile 
flows from the bladder under very little pressure a slight obstruc~ 
tion in the duct may lead to retention of the bile. As a result 
the bile constituents are absorbed and may appear in the urine. 
Human bile as it is found in the bladder after death has been found 
to contain from 7-18 per cent. of solids. The bile es it flows 
from the liver, in a fistula, contains much less solids, 1-4 per 
cent. The bile, therefore, becomes concentrated in the bladder 
by absorption of water. 


Bile contains as characteristic constituents certain saits ef 
bile acids, bile pigments, and small quantities of lenithin, choles 
terin, soap, neutral fat, urea, and salts of calcium, magnesium, 
iron, and copper. 


Tje bile acids are usually present as sodiikm salts. In some 
Sea~fish they are in combination with potassium. It is customary 
to speak of two bile acids, glycocholic and taurocholic. The former 
On cleavage yields . glycocoll and cholic acid; the latter 
taurin and cholic acic. Inasmuch as this cholic acid is but one 
of several cholic acids known, it follows that there is a group of . 
glycocholic acids, and a group of taurocholic acids. Human bile 
yields three cholic acids. The bile of some animals may contain 
Only glycocholic acid, or only taurocholic acid; whereas, in some 
variable mixtures sf the two acids are present. Thus, the &auro~ 
cholic acid predominates in the bile of carnivorous animals, birds, 
reptiles, and fish. The bile from the rabbit and the hog contains 
almost entirely clycocholic acid. Herbivorous animals as a rule 
contain variable quantities of both acids. Both glycocoll and 
taurin are amido acids. Taurin contains S as a characteristic 
constituent. According to Hammersten the bile of some animals 
contain a third group of bile acids which are rich in S and which-in 
their behavior to mineral acids resemble ethereal sulphates. 

The bile-acid salts are precipitated from their solution in 
water or alcohol, on the addition of ether, as fine needles. The 
bile acids and their calts-are .dextro-rotatory. 
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A large number of bile pigments are known but in normal bile, 
as a rule, there are but two, bilirubin and biliverdin. The formar 
can be obtained as a reddish yellow powder; the latter as a greenish 
powder. The color of the bile is due to the preponderance of 
one or the other of these two pigments. Ox-bile has both pigments. 
The other bile pigments as, bilifuscin, biliprasin and bilicyanin, 
have been isolated from bile stones and altered bile. 


The bile pigments are solubka in alkalis, insoluble in acids, 
@&nd yield insoluble compounds with calcium and other metals. Bili- 
ubin is slightly soluble in alcohol and in ether, readily soluble 
n chloroform, Biliverdin is insoluble in chloroform. Bilirubin, 
n addition tc being in the bile, is met with in bile stones as 
calcium compound; in old blood extravasations (haematoidin) and 
urine and tissues during icterus. 


The source of bilirubin is undoubtedly haematin. On reduc= 
tion it yields hydrobilirubin which is closely related, if not iden-~ 
tical, with stercobilin (found in the intestines) and with urobilin 
of urine. On oxidation it yields biliverdin. The amount of pig 
ment in the bile is usually only a few hundredths of a per cent., 
rarely O.1 per cents 


As to the origin of these bile constituents it may be said 
that the bile acids are elaborated by the cells of the liver, not 
elsewhere in the body. The bile pigments, without doubt, aan 
be formed in other parts of the body, than in the liver, but undsr 
normal conditions the liver is the organ where they are formed. 
Tavrin and glycocoll result from the decomposition of proteids in 
any part of the body. 


1). Place some dilute bile (1-5) in a test-tube and heat to 
boiling. Immerse a strip of red litmus paper, then remove and 
wash with water. The reaction is distinctly alkaline. 


2). Place about 5 es of bile in a test-tube, add 10 cc. of water; 
mix and filter if necessary. To the clear liquid add acetic acid. 
A cloudiness or distinct precipitate of mucin or nucleoalbumix 
forms on standing. This is not marked in ox~bile. 


3). Filter the cloudy liquid obtained in Exp. 2, and apply 
the biuret test to the clear filtrate. Absence of proteids. 
_Notice also, that the a which forms redissolves in 
“tie bile solution and yielda® a biue liquid which on heating gives 
-®. black precipitate. What is the cause of this black precipitate? 
B peat other substances. redissolve Cu(OH) 5 and yield blue solutions? 


4). To ahout 20 cc. of bile in an evaporating dish add about Aan 

5 g. of animal charecal and evaporate on the water=-bath, with 

frequent stirring, to complete dryness. Transfer.the residue to a 

1. ec. Erlenmeyer flask, provided with a cork and condensing tube, 

ad about 30 cc. cs absolute alcohol and boil on the water-bath for 
out half an hour. Cool and filter into a dry flask (or a 50cc. 

| ae on foot). To the alcoholic filtrate add-anhydrous ether 

q low a2 permanent precipitate forms. Then cork and set aside in 

€ 2001 place over night. The sodium salts of glycocholic and tauro~-~ 

tigi to acids crystallize out. Filter off the crystalling deposit 

med Save the filixat*e. Squeeze the crystals as dry as. possible on 
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the filter in the funnel, then dry between several sheets of filter 
paper. Save the crystals for subsequent tests. 


5.) The alcohol ether filtrate from the preceeding experiment 
contains, among ether things, cholesterin. Place this filtrate in 
an evaporating dish and allow the ether to evaporate spontaneously, 
then cautiously evaporate to dryness on the waterbath. Rub up 
the residue, thowgughly, with some ether, filter the ohher solution 
into a small beaker or watch-glass, and allow the ether to evapor- 
ate spontaneously. Examine the residue under the microscope for 
the characteristic crystals of cholesterin. Catty crystals, in. 
the form of needles, are likely to be present. 


6). DETECTION OF BILE ACIDS. 

On the side table are two sets of diluted bile--bile- 
water, bile-urine--1-10, 1-100, 1-500, 1-1000. Apply the following 
tests first to the "bile-water" dilutions, then to corresponding 
dilutions of bile with urine. Tabulate the results. 


Place about 5 cc. of each of these solutions in test-tubes and 
apply the following test, noting carefully the delicacy of the 
reaction. 


a. To the liquid to be tested add about two-thirds its 
volume of concentrated sulphuric.. acid. The acid is allowed to 
run down the side of the tube slowly, so as not to mix. The tempera- 
ture shouldnot rise over 60-:70°, If nevessary, therefore, cool 
paxtly under the hydrant, then add 2-5 drops of a solution of cane~ 
sugar (1-10) and tap the tube gently. A pink to a red or violet 
color develops according to the amount of bile acids present. ‘The 
foam which forms on shaking is likewise colored pink.. This is 
known as Pettenkofer’s test, and depends upon the formation of fur~ 
furol. An excess of ugar and too much heat must be carefully avoided 
Cbhserve the difference in the delicacy of the reactions in aquecus 
and urine solutions of bile. 


To some water in a tcest-tube add sulphuric acid as above, then 
about 5 drops of the sugar solution. Notice the yellow to a 
dark-brown color that forms. Repeat this blank test with uring, 
acid, and 5 drops of the sugar solution. 


b. Furfurol Test.- Since Pettenkofer's test depends upon 
the formation of furfurol out of the sugar added the former can be 
added direct. 

To a few cc. of the solution to be tested add one drop of a 
7 o% aqueous furfurol solution, then add slowly as in the preceeding 
test about an equal volume of concentrated sulphuric acid, cool 
_ ‘somewhat, if necessary, and avoid an excess of furfurol. The | 
_ ‘reaction is often less intense than in 6a. 


| Apply this test to some diluted bile. Dissolve a little 

_ of the crystallized bile acids obtained in experiment 4, in some 
_ weter. Observe the foaming of the liquid when shaken. Divide 
this solution into two portions and test one according to Petten- 
' kofer; the other with furfurol. 


ce). Detection of bile acids in the urine (Hoppe-Seyler! s 
q Mothod) -—t Phe test given above under 6a is usually empi oyed, ‘Tt 


iy some dilute bile solution or the suspe 
/diquids do not mix. Colors develop at the zone of contact. Final- 
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should be remembered however that substances may be present in uréne 
which will give a reaction simflar to that of bile acids. Moreover, 
in highly colored urines the reaction can be readily masked. In 
sucn cases tne following method of Hoppe-Seyler, though somewhat 
long; will give good results. About 100 cc. of the urine is eva~ 
porated to a syrup and the residue extracted with strong alcohol. 
The alcoholic filtrate is emaporated to dryness, and the rosidue 
Obtained is dissolved in water. The qquecus solution is precipix« 
taged with lcad acetate and ammonia. The precipitate is wahed, 
then transferred to an eaaporating dish or flask and extracted 
with boiling alcohol. The alcoholic solution is filtered while 
hot. A fow drops of soda solution are added to the filtrate and 
this is then evaporated to aryness. 


The @ry residue can how be dissolved in water, the solution 
lightly acidulated with HeSOgand filtered. The gqueous filtrate 
sani now be tested directly for bile acids according to Ga or b,. 


7). DATSETION OF BILE PIGMENTS. , 

On the side-table will be found five 
bottles cOnvaining urine diluted with bile in the following pro~ 
portions:?i-10, 1-20, 1-50, 1100, 1-500. Apply the following tests 
to these solutions and tabulate the results. 


a). Gmelin's Test.-Place some bile on the suspected urine 
in a smaji evaporating dish and add a drop or two of fuming HNOqz 
& play of colors, green, biuve to violet results. With ox-bile the 
coOlore are weak and rapidly change. In urine the green color is 
especially important since indican may also give a blue color. Va» 
rious modifications of this test have been suggested and of these 
the following are especialiy useful. 


&',. Filter the bile solution or suspected wrine. Then 
add a drop or two of fuming nitric acid to the moist filter paper. 
Phe colored rings are very distinct. This test (Rosenbach's) 
is ruch more satisfactory than the preceding and is especially use~- 
ful. when the vrine is highly colored. 


2 )0 


& To a few cc. of fuming os in a test-tube edd slow~ 
t 


ed urine so that the two 


iu mix the contents; a decided green color forms, especially on 


‘Standing. 


b. Huppert's Reaction.-- To about 10 cc. of the diluted 


bile or suspected urine acd a little calcium chloride, then an 
obit of ammonium or sodium carbonate. The bilitubin—-calcium 


ompound is precipitated. Filter, wash the'precipitate then 
cna tes while moist to a test-tube and fill it half full of aico~ , 
hol which has been acidulated with sulphuric acid. Immerse the 
tube for 10-15 minutes in a water-bath, heated, so that the contents 
Of the tube are kept near the boiling point. The solution be= 
comes cOlored an emerald to a bluish green. Now cool the conten=- 


- ts of the tube, then add fuming HNO... The green color changes to | 


dlue, violet, and red . This test°is very delicate and is especiaz 
ly useful when the. urine is highly colored, or contains-much indican 
or bicod, pigments, . 
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¢. Iodine test.-— Place the diluted bile or suspected urino 
om a test-bube, incline the tube and add cautiously 2-3 cc. of 
a dilute tincture of iodine so that it forms a layer. Immediately 
or after a few minutes a bright green ring forms at the zone of 
contact (Rosin=-Smith). This reaction is almost as delicate as 
that of Huppert. 


4.) Jolle's Test.- This is claimed to be the most delicate 
test for hile pigments. Place 50 cc. of the suspected urine or a 
mixture of bile and ur ing (1-500) in a glass stoppered cylinder, 
add a few drops of 10% HCl then BaCl,in excess and 5 cc. of chlo» 
roform and shake vigorously for several minutes. Set aside for 
about ten minutes for the precipitate and chloroform to settle. 
Transfer the chloroform and precipitate by means of a pipette to 
atest-tube. Immerse the tube in a water-bath having a temperature 
Of about RO°, The chl: ~oform evaporates in about 10 minutes. 
Remove the test—-tube and after a few minutes when the precipitate 
has bettled decant the supernatent liquid. The precipitate is 
colored yellow if bile pigment is present. Allow 3 drops of 
concentrated HNO, ( to which about 1/3 fuming HNOshas been added) 
to run down the side of the tube. The characteristic play of colors 
develops. 


e.) Acidulate some dilute bile with acetic acid, add a few 
cc. Of chloroform and shake. The chloroform d&ssolves the bilirubin 
and is colored yellow. 


BILE STONES, © 


. The calculi found most often in the Zall-bladder of man consist 
chiefly of cholesterin. They may be grayish or yellowish white, 
wax—like in appearance, or may be colored from a light red to a 

dark brown. The color depends upon the amount of bilirubin 

present. This pigment is not free but in combination with calcium, 
The number of stonespresent in the gall-bladder may vary from a 

few to several hundred. The size will, therefore, vary considerably, 
from that of a grain of wheat to stones from 1/2+1 inch in diameter. 
As a result of friction the stones frequently show smooth triangular 
' Laces. The larger stones when cut in two and polished show generaly 
a@ concentric arrangement. When they consist of pure cholesterin 

the stones will float on water. Small amounts of fat may also be 
present. 


The bile-stones as usually found in the gall-bladder of cattle 
consist largety or wholly of the calcium-bilirubin compound. Sim- 
ilar calculi are met with occasionally in man. These pigment 
stones may contain metals such as iron and copper and even at times 
Zinc and manganese. Unlike the cholesterin stones they 
are always heavier than water. 


A third form of bile-stone very rarely found in man consists 
chiefly of calcium carbonate and phosphate. 


EXAMINATION OF BILE STONES. 

Pulverize a small bile-stone and pla ce the powder in a test- 
tube. Add a mixture of alcohol and ether, equal parts, and warm. 
gently wntil the powder ceases to dissolve... Decant. the ethoer- 
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alcoholic solution onto a watch-glass or evaporating dish and aldow 
it to evaporate spontaneously. If the crystals are imperfect 
redisolve in hot alcohol and allow the solution again to evaporate 
spontaneously. 


Save the crystals for the subsequent tests for cholesterin. 


If these is a residue insoluble in the ether-aleoholle mix 
ture add to it some dilute HCl. An effervesence indicates a 
carbonate (Cac03). If an insoluble residue still remains wash 
it with water and examine for inile pigments. 


Evaporate the HCl solution to dryness and ignite; ‘then dis 
solve the residue in dilute HCl and add Wi, 0H. A blue color in= 
dicates the presence of copper. 


Cholesterin, Cagla50H.-~1s a common constitutnt though in 
minute quantity of the normal fluids and tissues. of the body. 
Under pathological conditions .t is met with especially in bile 
stones, It is Also present in atheroma nodules, in tubercular 
masses, tumors, sputum, pus transudates and cystic fluids. 

It is rarely present in the urine and then in small amount. 

A rare urinary cholesterin calculus has besn reported by Horbues-= 
ewSki. Compounds closely resembling cholesterin, possihly isomers, 
are found in plants (phytosterius). 


Cholesterin forms white, glistening crystiuls which under the 
miscroscope app¢éar as evry thin transparent plates with a corner 
more or less notched. fhe crystals melt at 145° whereas plant 

cholesterin melt~ at 133°. It is insoluble in water, in dilute 
acids, and in alkalis. It is readily soluble in boiling alcohol 
from which on cohling it recrystalizes. It is readily soluble in 
ether and chloroform. 


1). Examine under the microscope and sketch the characteristic 
erystals of cholesterin obtained from a bile stone. 


2). To some crystals on a slide under the miscroscope add 
a drop of dilute H,SO, (5 parts of acid to one part of water) 
The edges of the efystals show a bright carmine red color which 
changes to vithlet. 


3). To some crystals as in Exp. 2, add a drop of dilute HgSt, 
then a drop of iodin solution. The crystals turn gradually violet, 
bluish green, then blue. 


4). Dissolve a few crystals in a little chloroform in a dry 
testetube, then: add an equal volume of sulphuric acid and shake. 
The chloroform becomes blood red, then cherry red and purple. 

The acid liquid shows a grven flouresennee (Salkowski). The colar 
of the chloroform is quickly discharged if it is poured into a 
moist tewtetube, 


6). Dissolve some cholesterin in 2cce of chloroform, add.10 drops 
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oi aBetic anhydride and then drop by drop, Ooncentrated Hp80,. 
The mixture becomes red, blue and finally green (Liebermann'4 
Cholesterol reactionT. 


6. To a little cholesterin in an evaporating dish add a few 
yp A HCl, and a drop of very dilute FeCiz. On evaporating 
to €1ess a blue color results. 

7), Place a little of the dry cholesterin in a dry testtubé 
and add 2-3 drops of propionic anhydride and carefully heat over 
a small flame till melted. On gradually cooldng the mass betomes 
violet then green, blue and red. 


Detection of cholesterin in urine.-- ¢ 


Inasmuch as cholesterin is lighter than water it will be found 
whan present in urine, floating on the surface as a thin pellide. 
Some crystals may be dragged mechanically to the bottom. A microm 
scopie examination will ofter decide the nature of thas film. 

This is also true of transudates and other pathological fluids 
where the crystals are often well formed. In the absence of : 
typical crystals it will be necessary to employ the following method. 


Extract the urine with ether which takes up fat and cholesterin. 
Remove the ethereal layer and allow it to evaporate spontaneously. 
Examine the residus under the microscope for the characteristi¢ 
crystals of cholesterin. If these is any doubt owing thethe. 
presence of fats these must be removed by saponification, 

For this purpose dissdlve the residué in hot alcohol, add some 
strong alcoholic solution of sodium hydrate and heat on the water- 
bath for some time. Finally evaporate to dryness, and extract 
the residue of soaps with ether. This ethereal solution on evap» 
Oration will now give a residue free from fat. 


, 
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CHAPTER vVIIIy 
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“I, MIGROSCOPTC EXAMINATION, 


1). Examine a drop 6f fresh blood titer the mitrésodpe, 
Measure the diameter ani sketch the red and white blood sells, 
What is the differende bétween the blood cells of mammads and of 
birds, reptiles, etd, ‘ 


2). Dilute somes fresh blood with water and examine && baftre, 
Observe and sketch the crenated bloud cells. 


II, SPECTROSCOPIC EXAMINATION. 


1). Add lee of dsfibrihated blood to 50ce of destillad water 
and shake thoroughly, Plage some of the dilute blood in a tewt» 
tube and suspend this about an inch above the slit of the apectro= 
scove (Position No. 1.) The test-tube should hot be more than 
one half inch in diameter. A fish=tail burner placed about 3 
inches from the slit serves as a source cf light. 


Observe the two absorption bands of oxy-haemoglobin and their 
postion on the acale in the spectrum. 


Flace in the flame a platinum wire previously dipped in 
@ sOlution of sodium chloride. Notice the characteristic yellow 
line of sodium, its postion on the scale and its relation to the 
two absorption bands. 


2 . Now swing into posttédon the little outside prism of glass 
So that it shuts off the lower half of the slit. Place a light 
about 35 inches in front of the left face of this prism, The epernrae 
of haemoglobin appears in the lower half while superposed abov 


it is a clear spectrum. Place a tube of the blood, diluted and 


well shaken as above, between this second light and the left face 
of the prism (Position No. 2.). ° The spectrum from this tube is 
now thrown above that from the tube in front of the slit, 

The two spectra of ohy-haemoglobin coincide. 


a). To tube No. 1 before the 6lit, add 1=2 dréps of freéhly 
prepared ammonical ferro-tattrate solution (Stokes! solution), 
and examine at once. The two bands of ohy—haemoglobin soon pe 
appear giving place to the single wide band of re uced haemog 162A 

Ompare this spectra with the superposed one 2MVUE LOCA 
Frote the change in the color of the tube. 


~. The. Stokes solmrtion_te~prapared-as.followst Wasson 
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of ferrous sulphate and 3 parts of tartaric acid in water. then’ 
render alkaline by addition of NH,OH. 


b). To tube No, 2. the one on the left, now add 5-6 drops of 
strong ammonium . Sulphide and examine. Ina few minutes 
the single band of reduced haemoglobin takes the place of the two 
bands of _, oxy-haemoglobin. The spectra of the two tubes now 
conincide. 


3). To the tube of reduced haemoglobin in position No, 1 
obtained in experiment 2a, add a few drops of concentrated Na0dH. 
The single absorption band beconmes replaced by two bands, resem= 
bling those of oxy-haemoglobin but shifted a little to the right. 
The left band is the darker of the two. On standing a few minutes 
the spectra increases in intensity sco that the two bands merge 
together; in that case dilute with an equal volume of watdr. and 
examine again. 


This spectrum is due to haemochromogen or reduced haemoglohin 
This test should be resorted to when the speotrtim of haemoglobin 


is doubtful. 


Compare this spectrum with the superposed spectrum of reduced 
haemoglobin (2b) . Then substitute for the latter a tube of the 
diluted, well shaken blood, thus placing the spectrum of oxy~haemo= 
globin above that of haemochromogen. 


4). Dilute some defibrinated blood with about 15 parts of water 
and shake well. Place some of this solution in a test-tube, 
in postion l. Superpose the spectrum of oxy-haemoglobin nets 
dilute blood as in experiment 2 (1-50). The upper spectrum of the 
very dilute blood shows the two bands of oxy~haemoglobin, whereas, 
the lower spectrum, tube No. 1 which contains a strong solution, 
is entirely dark to the right of the soldium line. 


fo the tube in front of the slit, postition 1, now add 1-2 
drops of a fresh, concentrated solution ofpotassium ferrocyanide. 
he color of the liquid changes to a brown and the spectrum of 
fethaemoglisbin appears. An intesnse dark band in the red with 
two léss dark bands in the rignt. If the liquid is too concén= 
trated dilute 1/4--1/3 with water. 


fo the so,ution of Methaemoglobin add a few drops of (NH4) 255. 
The color and spectrum of oxy-haemoglobin reappaars, and in a short 
time this wives way to that of reduced haemoglobin(2b). 


5). To about 10ce of concentrated HgS0, in a test-tube add 
about 5 drops of hlood. Shake thoroughly after the addition of 
each drop of blood afd keep the contents of the tube cool. 
Note the dark wine red color of the solution. 


Milita a nortian of tha lianid with 24 parte of watera.- 
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cool and examine before the spectroscope (posttion 1) for the 
spectrum of haemotcporphyrin. Superpose as in experiment 2 
the spectrum of oxy—haemogiobin {1™50) for comparison. Haemotoe 
prophysin shows a dark narrow hand to the left and a wider, 
darker band to the right of the left band of oxy~haemoglobin. 


Haemotophophysin, 0, ,H18N20. is derived from haematin by the 
Splitting off of iron. t results also from the action of 

HBr on heematin. It is an isomer of bilirubin and has been met 
with in urine. 


6). To 5cc of diluted blood (1-15) add 2ce of concentrated 
NaOH. The .color changes to a cherry rer. Now heat the tube till 
the color changes to a brownish green. Examine before the spec-= 
Boéscope, position 1, for the spectrum of alkaline haematin. 

If necessary dilute the contents of the tube 1/4-=1/3 with water. 
Alkaline haematin shows a dark band through the middle of which 
passes the sodium line Superpose the spectrum of oxy—haematin 
and conpare the two spectra. Then convert the upper spectrum into 
reduced haemaginhin as in experiment 2a and again compare, 


7). Pass a current of illuminating gas some diluted blood (1-50). 


a). Placo a tube containing some of the blood thus treated 
before the spectrum in position l. Superpose the spectrum of 
oxy-haemoglobin (1-50). The lower spectrum, due t6 carbon mon» 
oxide haemoglobin, is nearly the same as that of oxy-haemogiobin, : 
The two bands, however, are darker and are removen a trifle to-the~ 
right gs that the two spectra are not exactly continuous. 

Compare the color of the two tubes. 


b). Now add to each tube 1-2 drops of Stokes' solution. 
Carefully note the change in color of the two tubes and also the 
change in the spectra. 


c). Again superpose the spectrum of oxy-haemoglobin above that 
of CO-haemogiobin Then add to sach tube 5-6 drops of stron 
(NH4) 2So. Examine at once and after the lapse of about 5 minutes. 


d). Again superpose the spectrum of oxy-haemoglobin above that 
of CO-haemoglobin. Then add to each tube one drop of a frechly 
prépared strong solution of potassium ferricyanide. Exam — 
ine at once. The oxy-haemoglomin snectrum changes in a few secx 
onds to that of methaemoglobin whereas the spectrum of CO~haemogilobin 
persists and is changed only after the lapse of several minutes. 
Owing to the dilution the spectrum of methaemoglobin will be-fainte- — 


CO-haemoglobin is a much more stable compound thah oxy-hae~ 
moglobin and for that reason the color and the spectrum of the 
solution in experiments b, c, and d, will change slowly, if at all, 
whereas oxy-haemoglobin is readily changed to reduced haemoglobin 
in expertthants b and c, and to -methaamoglobin_in_expermment-<d. 
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DEFIBRINATED BLOOD. 


III. GENERAL REACTIONS. 
1). Test the reactions of some fresh defibrinated blood. 


a). Dip a moist red litmus paper for a fer seconds into the 
blood, then wash at once in water. 


b). Place a drop of aqueous red litmus solution on a porous 
porcelain plate. When this has been-@hsorbed apply a drop-of hlood 
to the spot and allow this to remain for about a minute. mnen 
wash off with water. Owing to the coloring matter in the blood 
this method of testing is much more delicate thah the prededing. 


2). To some water in a test-tube add a drop or two of blood 
and mix. Then add tincture of guajac’till the liquid becomes 
cloudy, and finally add some old oil of terpentine. A blue color 
develops at the zone of contact of the liquids and is due to the 
Oxidation of the guajac. fho reaction fails with fresh ail 
of terpentine owing to the absence of ozone. 


a). This test may be applied to urine, suspected of containing 
bhood, in the following manner: Place in a test-tube equal volumes 
of guajac and old oil of terpentine. The mixture must not be 
blue. Now add the urine cautiously so that it forms a layer. 

If blood is present a bluish-green ring will form at the zone of 
contact. This is known as Almen's Guajac Test. The urine if 
alkaline shuuld be neutralized or rendered Taintly acid. Pas 
may give the test with guajac alone. 


3). To 2cc of fresh blood in a test-tube add, without shaking, 
e-S5cce of hydrogenperoxide. Oxygen is liberated abundantly and the 
liquid foams and the haemoglobin is gradually decomposed. 

This is due to a so called catalytic action. 


| 4). To some fresh diluted blood (1-5) is a test~tube add ether 
and géntly agitate. The liquid becomes transparent because 
of the solution of blood esi blood. 


5). Pass a current of illuminating gas for a few minutes 
through some dilute blood (1-50). Notice the cherry-red color 
of the solution. As shown above in Exp. II 7, COhaemogilobin: 
is a much more stable compound than oxy-haemoglobin. The following 
gests still further serve to demonstrate this fact and are of great 
value in distinguishing between the two forms of haemoglobin. | 
The tests c and d are especially adapted for the detection of amall 
amounts of okt seit catia in blood, 


a). In one test-tube place some dilute hlood’ (1-50); in-another 
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some of the CO-haemoglobin solution (1-50). To each of these 
solution add half a volume of strong NaOH solution (1.34 specific 
gravity). The pure blood solution becomes brownish (due to haematin) 
whereas the CO-haemoglobin solution is unaltered and retains its 
cherry~red or pink-red color (Hoppe-Seyler). 


b). Place 5ce of the diluted blood (1-50) in a test-tube. 
In another tube place 5cc of the CO-hacmoglobin solution (1-56). 
To each tube add an equal volume of.fresh, saturated HoS-water 
and shake. the pure blood changes to a green, due to the formation 
of sulphur-methaemoglobin, whereas the color of the methaemoglobin 
is unchanged of fades slowly. 


c) . In one test-tube place 5cc of the dilute blood (1~50); 
in another tube 5ccec of the CO-haematin solution. To each of the 
tubes add 1-2 drops of dilute.acetic acid, then one drop of patas= 
Sium ferrocyanide solution (1-5). The proteids in both solutions 
are precipitated but the precipitate in the tube of pure blood is 
brownins, in color, whereas that in the CO~haemoglobin tube is pink. 
On standing a while the pink color changes and both precipitates 
are then alike. 


dad). In one test-tube place 5cc of the dilvéeblood (1-50); 
in ahother 5cc of CO—haemoglobin solution (1-50). To each of these 
tubes add an equal volume of freshly prepared 1% solution of tannic 
acid. The proteids are again precipitated. phe preci=itate in 
the tube containing pure blood is colored or grayish brown whereas 
that in the Co-haemoglobin tube is pink, An excessofr tannic 
acid may dissolve the precipitate and should therefore be avoided. 
Make a mixture of lce of CO-haemoglobin solution (1~50) 
and 4cc of oxy~haemoglobin s.lution (1-50) add an equal volume of 
the tannic acid solutéon and compare with the two tubes obtained 
above. 


Haemoglobin is readily decomposed on heating with acids or 
alkalis into globulin and a pigment. If oxy-haemoglobin is acted 
upon the pigment that results is haematin, whereas with reduced 
haemagiobin the product is haemochromogen. The latter decompo- 
sition has been studied in experiment II 3, whereas the formation 
of haematin has heen observed in II 6 and III 5a. Haematin com 
bines with HCl ‘o form haemin. 


6). Preparation of haemin crystals.--~Place in a small Erlen- 
meyer flask (about 30cc capacity) provided with a cock and conden= 
sing tube, lOcc of glacial acetic acid and heat to boiling on the 
water=bath for ebout half an hour. Then add, gradually and with 
constant stirring, 3cc of defibrinated blood. Gontinue heating 
on the water bath for half an hour. | Transfer to a cmall narrow 
beaker or test-tube and set aside night. Examing 
She crystalline depvosi€d microscopically ind sketch the form og the 
haemin crystals. 
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To preserve the Spécimen; decant the acetié acid;. then add 
10-20 cc. of water, stir thoroughly and place aside to settle. 
Decant off the water and wash in 2 similar mAmer with alwhol; then 
stir up the ¢rystals with ether and transfer t% a small filter. 
Press the crystals between filter paper till dry, then transfer to 
a specimen tube. 

The operation of washing can be greatly simplified by thé use 
of a centrifugal apparatus. 


The recognition of haemin crystals 68 of the greatest import~ 
ance in the identification of blood stains. Each student will 
receive a piece of fabric and a piece of wood stained with blood, 
These are examined in the following manner: 


a). Scrape a little of the stain off the piece of wood. 
Place the scrapings on a glass slide, add a drop of 1% solution of 
NaCl and warm gently over a very small flame, avoiding ebullition, 
until the water is nearly driven off. Then, while still moist ada 
im-2 drops of glacial acetic acid, cover with a cover-glass and again 
warm gently over a small flame till most of the acetic acid has 
evaporated. When cool, examine under the microscope for the charac- 
teristic light brown haemin prisms. Sketch the form of the perfecct 
crystals. 


b). Soak the cloth in al per cent. solution of NaCl in a 
Watch glass and squeeze out the coloring matter as thoroughly as 
possible. Concentrate the liquid, if it is but weakly colored, 
On the water—bath to a small volume, Then place 1-2 drops of the 
liquid on a glass slide, warm gently, as above vnder a, until the 
liquid is nearly enaporated then add 1-2 drops of glacial acctic 
acid, cover with glass and again heat gently till most of the acetic 
acid has evaporated. Cool and examine for haemin crystals. 


7). The formation of haematin and of haemin crystals may be 

utilized for the detection of a small amount of blood or blood pig» 

ment in the vrine. To the suspected urine add NaOH and boil. The 

earthy phosphates are precipitated and are colored brownish red 

| by the haematin (Heller's test). If thore is doubt as to the naturé 
of the coloring matter in the precipitate, this can be filtered off 

and subjected to the haemin test according to the directions givon 

_ above under 6a. 


2a). The vrine may be precipitated with tannic acid and the 
precipitate can then be treated for haemin crystals as above. 


8), ‘Place about 20 ec. of defibrinated biood in a beaker -and 
add about 200 cc. of water. Acidulate very slightly with acetic 
acid, boil and filter. The filtrate should be water-clear. 
Notice the brown color of the coagulum. To what is it due? 
Evaporate the filtrate to a small volume, about 20 cc. If a pre- 
cipitate forms during the evaporation it should be filtered off. 
Test the clear concentrated liquid as follows: 

i a). Boil some Fehhing's solution in a test-tube, then add some 
of the liquid and boil again. A yellowish red precipitate of 
cuprous oxide indicates the presence of sugar. 

| b). Acidulate a little of the liquid with HNOs and add some 
AgNOz . A hoavy white precipitate soluble in NH,OM indicates the. 
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presence cf NaCl. 

4 c).Acidulate another portion with HNO and add some ammonium 
"molybdate solutions. On gently warming a*yellowish precipitate or 
/coloration indicates phosphates. The test for phosphoric acid 
'can be made by adding MEOH to the liquid, then magnesia mixture. 
/A white cloud or precipitate forms 4f phosphoric acid is present, 

1 d). Evaporate the romainder of the liquid in a watcheglass 

on a water-bath till only a few drops remain: Then set aside to 
»cool and examine under the microscope for crystals of NaCl. 


BLOOD SERUM. 


)IV. PREPARATION OF BLOOD SE SRUM. 

The blood is received, directly from an animal, into a wide 
ecylindrical vessel or into a common fruit-jar. it eLote in sé 
“short time forming a solid coagulum. The vessel is then placed in 
ben ice-chest for 36-48 hours. As the clot shrinks the clear yelluw 
“serum is squeezed out and collects on the top. This yellow serum 
‘is removed with a pipette and is used for the following experiments. 
‘It not infrequently happens that the serum as obtained is reddish 
‘due to the presence of blood corpuscles. In that case it is best 
‘to place the serum in a tall, narrow beaker and set it aside in the 
‘ice-chest for 1-2 days when the corpuscles will subside and leave 

ma straw-yellow, clear serum above. 


Blood plasma, the liquid portion of the living blood, contains 
‘at least three proteids--fibrinogen, serum albumin, and serum globu- 
lin. In the process of clotting the fibrinogen is changed toa 
Tibrin ard hence the blood serum contains the two proteids serum 
e@lbumin and serum globulin, or paraglobulin. 


Carefully review in this connection the work done on the proteids 
of blood serum ( ). What is precipitated if blood serum is 
Saturated with MgSO 4 ? With (NI 4) 980 4? 


1). Determine the coagulating point of undiluted blood serum 
(5-10 ec.) according to the method given under egg-albumin, Exp.21l. 
Note the temperature at which the contents of the tube become cloudy; 
they gelatinize and when they become solid. 


; 2). In each of three tubes place one ce. of blood serum. To 
tube 1 add nothing. To tubes 2 and 3 add 5 and 10 cc. respectively 
Of distilled water. Immerse in a boiling water-bath for 10 minutes 
Note the result. No. 1 coagulates solid whereas Nos. 2 and 3 do not. 
Sufficient dilution of serum with water renders it non-coagula- 
ble by heat. If tepid-water is used, owing to the presence of 
alcium salts, partial coagulation will take place. 


3). To each of 4 tubes afd 1 ce. of blocd serum; then add to 
tach 10 cc. of distilled water. To tubes 1 and 2 add 1 and 6 drops 
*espectively of a 1% acetic acid; to tube 3 add a couple of drops of 
aC losolution; to tube 4 add 2 g. of NaCl. Immerse the tubes in a 
Oiling water-bath for 10 minutes. Nete the results and explain the 


: "As shown above in experiment 4 blood serum diluted with 10 
arts of water does not coagulate on heating. In experiment 5 
96 1 does coagulate whereas tube 2 does not. To tube 2 now 
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aad Jec of a 10% NaCh solution and boil it coagulates at once. 


Tube S contains a fibrinous coagulum wherzas tube 4 coagulates 
solid. 


What effect would the addition of NaCl to serum have on the 
coagulating point? 


Compare curefully this and the vreceding experiment with exper= 
iment 7 and 8 on albumén. As shown beforeeven slight excdss of acetic 
acid tends to prevent precipitation of albumin and globulin, 
whereas NaCl favors precipitation. 


4). To Sce of blood serum in a test-tube add 1 drop of 
formalin, mix and boil. The blood serum does not esagulate. 


5). To 45cec¢ of water in a small beaker add 5ce of blood seram; 
mix and filter. Receive the filtrate jn a 50cc graduate and place 
this in ¢ beaker of cold water. Pass a current of CO, through 
the diluted serum for about 15 minutes. Then cork ang set 
aside in cold water for some hours. the paraglobulin is thrown 
out of solution as a fine cloud and eventually settles to the bot~ 
tom as a white precipiti:te. 


6). To 50ce of vater add Ice of blood serum and mix. To 
this dilute blood serum apply the following tests? 


a). To about 1lOce of t-e diluted serum add 1-2 drops. of strong 
HNOz. mhe cloudinass that forms disappears on shaking. 
Now heat the wo ntents of the tube to boiling. A yellowish color 
develops but no coagulation takes place. Divide the liquid into 
two portions. 

(1) Cool one portion then add 5-6 drops of NHOz and boil. 
Coagulation results. 


(2) Raise the other portion to boiling then add 5-6 drops of 
NHOz and boil. Coagulation likewise results. 


b). To 5S5ce of the diluted serum (1-50) add an equal volume 
of water. This gives a serum diluted 1-100. To this very diluted 
serum add a drop of strong HNO; and bail. Yo coagulation. 
Divide the liquid into two portions. 


(1). Gool one portion then add 5-6 drops of HNO, and boil. 


(2). Raise the other portion to boiling then add 5-6 drops of 
ENOs and boil. The solution remains clear. 


Compare these two experiments and explain the difference in 
results. 


; 7). To 5ce¢e of the diluted serum (1-50) add 5-6 drops of strong 
HNO 5 « A cloudiness forms and--on boiling-coagulation takes place. 
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a). Repeat this experiment with serum diluted as above under 


Cy fa=100). Coagulation takes place as in the case of the 1-50 serum, 


8). Boil 5ce of the dilute serum (1-50) and while boiling hot 
add 5=6 drops of HNO. Coagulation results. Compare the volume 
of the presipitate with that obtained in experiment 6a and 7. 


a). Repeat this experiment with a serum diluted as above under 
b (1-100) only a slight precipitate forms. compare the volume 
of the precipitate with that obtained in experiment 6a and 7a. Explain, 


It is evident from the obove experiments that in the heat and 
HNOz test for albumén, in the urine or elsewhere, it is necessary 
to take into account the amount of HN6z added and whether the 
SO1uei0n is cold or h ot. The best result is obtained therefore 
when albumin is present in minute quantities, by adding to the 
cold solution an excess of HNOz (5-6 drops) to a permanent cloudiness 
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and then boiling when a coagulation results. 


HNOz and heat will coagulate albumin where heat alone will 
fail to do so. This may be the case if the urine tested has an 
alkaline reaction. An additional advantage in the use of HNO, 
is that it will dissolve any phosphates that may be thrown out 
of sotittion by heating the urine. 


9). To 5cc of the diluted serum (1-50) add 1 drop of 1% acetic 
acid (lee of glacial acid diluted to 100ce of water). A cloudi-~ 
fiess results. mest the reaction of the liquid then boil. 

A coagulum forms and the liquid is perfactly clear. 


a). Repeat this experiment, first raising the dilute serum 
to hoiling and adding 1 drop of the 4 acetic acid. What is the 
result? 


10). To 5ce of the diluted serum (I-50) add 3-4 drops of dilute — 
acatic acid used above. Test the reaction of the.liquid, then 
boil. No coagulation takes place but the liquid is opalescent. 


a). Boil 5cc of the diluted serum (1-50), and while boiling 


hot add about 10 drops of 1% acetic acid and boil again. The 
cloudiness that forms at first, redissolves. 


In preciritating proteids, from urine or other solutions, 
by means of acetic acid and heht care must therefore be taken 
to add the acetic acid to the cold solution to neutralizetion and 
after that to heat to boiling=”  Even-a-sl ac y aue 
acid will Keep-albumin in solution. 


Compare the behavior of_acetic.and hitric acids to the serum 
proteids. 
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11).°To sme of the dilute serum (1~50) add 1-2 drops of HgCl, 
f& white precipitate forms. Shake up thoroughly and divide into 
two portions. 


a). To one portion add an equal volume of NaCl solution (1-19) 
The precipitate promptly dissolves. 


b). To the other portion add an equal volume of undiluted 
serum. The precipitate likewise promptly dissolves. 


The precipitate of mercury and albumin is therefore soluble 
in NaCl, also in excess of proteids. Of what importance is this 
fact in practical disinfection? ~ompare this test with the similar 
experiment on egg albumin I, 4. ote the difference @n the behavior 
of the two proteid solutions. 


12). To some of the dilute serum (1-50) add dilute Cuso 
solution till a precipitate forms. Then add a few drops of strong 
NaOh solution (1-3). The precipitate red@issolves yielding a blue 
Solution. 


What other substances give similar solutions of cupric hydrate? 


If silver nitrate or lead acetate be added to the dilute serum 
what would be the result? What is the behavior of the salts of 
heavy meatls to proteids? 


The reaction given by serum ablumin and serum globulin. as 
wotked out in the table, will of course be given by the diluted 
blood serum. 


V. FIBRIN. , | 
The coagulum obtained by whipping freshly drawn blood is cut. 
up into small pieces and washed in running water till perfectly white 


Fibrin on contact with dilute HCl at 40° swells up and the 
contents of the tube become solid in a few minutés, (See exp. l, 


peptic digestion). Solution then gradually takes place so that in 
“2-5 days the fibrin has disappeared. An acid albumin results, (See 
Exp . 4). ee | 


Fibrin swells up also in 5% oxalic acid solution but does 
not dissolve readily. It is also soluble in dilute neutral salt 
solutions. 


Place in each of two test-tubes about 5ce of hydrogen peroxide.- 

To one add a shred of fresh fibrin. Oxygen is eet free especially 

on slight warming through so called catalytic action. This action 
_._.is probable due to remnants of leucocytes (nucleotuston) | 


To the other tube add some boiled fibrin. What is the. result? 


~ 


CHAPTER IX. 
MILK. 


Milk is a secretion of the mammary gland. It is composed of 
water, casein, globulin, albumin, fats, milk-sugar, and inorganic 
salts . The color of milk is due in part 66 the suspended fat 
globules, and in part ho the casein which is held in solution 
by calcium phosphate. The specific gravity of milk from a single 
animal may vary considerably, usually from 1,028 to 1,035, hut may 
be as high as 1,039. Market milk which is the mixture of the 
product of .several animals always ranges from 1.029 to 1.034, 


The reaction of milk is usually akkaline or amphoteric. It ‘amy 
however, be aaid and this is esrecially true of carnivorous animals, 
On standing milk becomes gradually acid owing to the formation of 
lactic acid by fermentation. Fresh milk does not coagulate on 
heating. After fermentation sets in milk may coagulate on heating. 
and later curdles without the application of heat. Sterlized 
milk, prpperly kept, will remain sweet indefinitely. The scum 
which forms on boiled milk is not coagulated albumin but a com 
bination of casein and calcium. When removed a new scum forms 
on the milk when heated. Solutions of casein under similar con» 
ditions become covered with scum. 


The addition of rennet to milk produces in a short time a 
solid coagulum, the curd or cheese. The clear liquid remaining 
is the whey or milk-seummn. The reaction of the milk is not affected 
by this change. The presence of calcium is necessary to the formation 
of curd. The casein originally present in the milk is apparently 
changed by the ferment into two proteids. One of these unites 
with caleium to form the curd and is known as paracasein. The 
other proteis is formed in small amount, is related to the albu~ 
moses, and is known as whey~proteid. 


Casein is a complex proteid belonging to the neukeoalbumins,. 

It is insoluble in water but readily dissolved in the presence 

6f alkalis. A solution in calsium hydrate can he neutralized with 
Phosphoric acid without precipitation of the casein. mhe milky 
liquid thus obtained contains, in solution or _ suspension, the 
casein and considerable calcium phosphate. casein is thrown out 
of solution by dilute acids, or by saturation with NaCl or MgS04. 

It is also precipitated by metallic salts. In the presence of 
calcium a solution of sasein is coagulated by rennet. As in the 
case of milk, a solution of casein when boiled becomes comered 
with a scum. On digestion with pepsin it yields pseudonuciein 
which contains phosphorous. The casein in woman's milk is dif- 
ferent from that in cow's milk. The former is more diffficult 

+46 precipitate with acids, salts and rennet. When precipitated 

by an acid the coagulum is finely floceulent and dissolves readily” 
in an excess of acid whereas casein from cow's milk is coarsely | 
flocculent and is less readkly soluble in excess of acid. 
Unlike casein-from cowts milk it does not yield _pseudomclein on 
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digestion. Casein is derived apparently from a nucleoproteis 
containéd- in the protoplasm of the cells of the gland. 


The globulin of milk, or lactoglobulin of Scbolian, is pro= 
bably identical with serum globulin. Lactoglobulin is related to 
but not identilal with serum albumin. Liks casein and milk-sugar 
it is a special product of the cells of the gland. Schlossmann 
found the three proteids present in milk in the following quantities: 
casein, 3.19%; albumin, 0.38%; globulin, 0.15%. Only traces 
of urea, creatin, etc. arc normally present in milk, consequently 
all the nitrogen prsasent in milk can be considered as contained 
in the proteid substances. 


The fat is present as an emulsion, in the fat globules. These 
vary in size in milk from the same species and from different 
species. According to Woll they are on an average 3.7 in di- 
ameter and from 1-to 5.7 million's of globules cre contained in . 
one ce of milk. The former belief that the fatty globules were 
Surrounded by an albuminous envelope is no longer held. the fat 
is supposed to reault from a degeneration of the protoplasm of the 
cells but it is possible that a part, at least, is brought to the 
gland by the blood. 


The sugar present in the milk, lactose, is a specific product 
of the gland ce&lis and is not directly derived from the »1lood. 
It is possible that it is derived, like casein, from the nucleo= 
proteids in the cells. mhat these compounds can give rise to 
carbohydrates has been demonstrated. In exceptional cases milk~ 
Sugar may appear in the urine. Like glucose it is dextro-rotatory 
and reduces Fehling's solution. Although readily decomposed 
by bacteria it is not acted upon by pure yeast. This fact as well 
as its solubility, crystalline form and the formation of mucic acid 
on oxidation with nitric acid distinguishes lactose from glucose. 


The colostrum corpuscles can be considered as epithelial cells 
which have taken up fatty globules, rather than as degenerated 
cells. They are found in milk secreted just before and after de~ 
livery. And appesag# as nucleated, granular cells containing 
numerous fatty granules. They are from 5 to 25a4 in diameter. 
fhe milk at this time is yellowish in color, a line in reaction, 
and has a high specific gravity 1.046--1.080. When such milk is 
heated it coagulates owing th the presence of increased quantities 
of albumin and globulin. See analysis. 


1). Examine a drop of milk under the microscope. Sketch the 
different sized globules present and measure their diameter. 
They average about ha but some globules may attain a diameter 
of 16 for more. | | 


2). Examine microscopically a drop of skimmed milk. What 
Gifference is observed between this and whole milk. 


3).Examine with a microscope colostrum milk. Sketch and measure 
the colostrum corpuscles. 
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4). Place about 10cc of milk in a test-tube and boil. 
Then immerse litmus paper in the hot milk for 1-2 minutes, remove 
and examine. Under what conditions does milk become acid? 


5). Boil about 25cc of milk in a small beaker for 5 minutes. 
No coagulation proper but a scum may form. Remove the scum with 
a@ spoon or spatula and heat again, a new scum forms. This removal — 
of scum will repeatedly take place. What is the nature of the snum? 
Casein is not coagulated by heat. Why does not the albumin in the 
milk coagulate? Save the milk for experiment 13. 


6). To about 10cc of milk in a test=tube add 1 drop of dilute 
acetic acid (I-10), then boil. The casein is coagulated and car= 
ries down with it the fat. ghe serum is clear. 


7). Set aside in a test-tube some milk over night at ordinary 
room temyerature, The next day heat the ontents to boiling. 
Explain the result. 


~ 


8). Place 10cc of milk in each of 5 test-tubss, 


To No. 1 add 1/2 ce of very dilute HCl (10 drops of HCl to 
50cc of water). 


To No. 2 add 1/2 ce of 2% NagC0z solution. 
To No. 3 add 1/4 ce of saturated (NH,).C.0, solution (1420) 


Then add to each of these three tubes and also to Nos. 4 and 5 
2 drops of rennet solution and mix. Heat the contents of tube No. 5 
to boiling. Then place all the tubes in a water bath at 40° and 
examine every 5-5 minutes. 


The contents of tube, 4 will coagulate in a few minutes; 
No. 4 next, Nos. 2, 3, and & will not coagulate, The latter 
doss not because the heat has destroyed the ferment. The action 
of rennet is retarded or prevented by the alkalis, and is favored 
by the acids, such as is present in the gastric guice. 


The coagulum which forms contains paracasein and the fat, 
The clear liquid that separates from the coagulum on standing 
is the whey or milk serum. Paracasein is different chemically 
from the casein obtained by the addition of an acid to milk. 
Galcium salts must be present in order that paracasein may form. 
Tube No. 5 does not coagulate because the calcium is thrown out of 
Sclution as the oxlate. Compare the change that takes place 
with that in the clotting of blood. If oxlate sodium is added 
toa freshly drawn blood what is the result? 


Continue heating tube 3 at 40° for about 1/2 hour. Then add 
2—5 drops of CaCl, solution. The liquid instantly solidifies. © 
This shows that the rennet has acted on the casein and chanre”. | 
into the modification which, with calcium, yields naracc::.- 
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Calcium is likewise necessary to the coagulation of blood, not how- 
ever, for the frmation of clot directly as in the case of the milk. 
curd. Calcium~free blood plasma (oxlate plasma) and calcium=free 
fibrin ferment when mixed, promptly yield a clot of fibrin. 


The calcium is necessary to the formation of the fibrin ferment 


from a parent substance, prothrombin (Hammersten). 
i 


9). To some milk in a test-tube add 1-2 volumes of ether, 
close and shake thoroughly. ,ne fat globules do not dissolve; 
the milk yemains opaque. Now add a few drops of NaQH and shake 
againe he ether now dissolves the fat and the liquid clears up. 
Shis reaction was taken at one time to indicate that the globules 
were surrounded by a alburinous envelop. Compare this test wwith 
the action of ether on blood. 


| 10). o-some milk in a test-tube add a Pew drops of NadH 
and heat. moe Lliguid becomes yellow, then orange and finally brown. 


oe] 
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41). To a 4% solution of lactose add a little NaOH and test. 
The same color reaction is develpped aas in Exp. 10 which is due to 
the sugar present in the milk. 


12}. To some milk add a tincture of guajac and mix; then pour 
On &@ layer of old terpentine. A Geep blue color develops. 
This test is also given by blood. 


13). Repeat the prededing Exp. using, how 
from Exp. 5. The color does not develop. 
proteids so that they can no longer assist in 
guajac resén. 


14). T6 about 10cc of milk in 2 testStube add 5g of powdered 
MepSO, and shake thorovghly. Then pour into a filter resting in 
a test=-tube and filter over night. Boil the clear filtrate-~-- 
albumin coagulates. phe casein is precipitated almost completely 
my Mgs0 46 


15). To 5cce of milk add 4 volumes (£Ccc) of strong alcohol 
shake thoroughly and set aside. All the proteids present ate 
precipitated. 


16). Dilute 1Oce of milk with about 30cc of water and divide 
into three portions. 


To 3 add 1-2cc of potassium alum solution (1-10) and sheke. 
The casein is precipitated and carries down with it the fat. 


To 2 add 1-2 ce of copper sulphate solution _ £1410) and shake. 
A voluminous greenisn bine precipitate of the proteids present 


Freuites. 
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To 3 add about 2 ce 
pi 


of Almen's tannic acid solution and shake. 
The protsids are precix cs) 


tated. 


cy Moisten a few granules of papsin with a drop of water, 

r better with a drop of a 0. eA NaCi solution. Then add 5 cc. of 
milk. mix and set aside in a waterbath at 40° . Coagulation results 
in a few minutes. it will fal if more water or wait soiution is 
added so the pe sin (Pepelharing). Chymosin on digestion with 
persin and 0.3% HCl is destroyed (Hammersten). 


ana wnile stirrine add dilute acetic acid (1-10), el by drop, 
tili the precipitate becomes coarsely flocculent and ceases to in- 
crease . Stir thoroughly and set aside over night. The reaction 
Shouid be distinctly acid. 


18). Add 50 cc. of milk to about 400 cc. of water, mix well 


The precipitate consists of casein and fat. Fiiter off the 
precioitate and allow to drain well, then fold over half the filter 
in the funnel and apoly gentle pressure with the fingers until 
more water can be squeezed out. 


the precipitate to & small dry beaker add about 30 cc 
of strong alcohol and stir thoroughly so as to dehydrate the casein. 
Then filter ane acain squeeze the contents of the filter as dry as 
possibvle. Transfer the precipitate to a small dry beaker, add 


about 50 cc. of ether and heat an a warm water-hath with constant stix- 


ring for about ten minutes. Cwin 1B to danger the Light should be 
very low or better turned out. Finally transfer the contents 
to a filter and squeeze as dry as possible. 
vpread cpen the filter on the table, allow the remaining ether 
to evaporate, tnen powder. The whike chalky powder is casein. 
the etner filtrate recsived in a small beaker on evaporating 
ish end evaporsted cautiously on the water-bath gives the milk-fat. 
The 2quecus Tiitrate from the casein and fat precipitate con» 
“tains albumin and muik-sugar. Place it in @ beaker and boil for 
15 minutes. Pilter off the precipitate of albumin and reserve 


ZOr subsequent tests. 


Concentrate the filtrate from the albumin in & beaker on a 
wire gauze tiil it becomes cloudy and bumps. Cool the liquid, the 
cioudiness disappsars and is therefore due to phosphates. Heat 
asain to boiling and filter hot. Concentrate the fiitrate now on 
tne waterebath to a syrupy consistency and set aside over night. 
Crystals of milk-sugar separate on standing. 


fo the ca¢sin obtained in the above, with the biuret apply the 
millon and xanthoproteic reattions. Also dissolve a portion in 
water to which some Na,COz solution has been added. Qbserve the 
cloudiness cf the Bei uhion. Heat a portion of the casein with 
alkeline lead acetate. What is the result? Apply the same tests 
Lo Specimen of albumin. Review carefully the reactions for lactose 
fad fats c : 4 


‘, 
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CHAPTER X. 


See ARAL VS At Ss. 


The milk tc be analyzed should be thoroughl* Shaken just bee 
fore each portion is taken for anahysis in order to insure a trus 
gample. The quantity to be taken is measured out by means od a 
clean and dry 10cc pirette graduated in 1/10cc. The quantity 
taken multiplied by the specific gravity of the milk gives the 
weight of the milk employed for the determination. 


1). SPECIFIC GRAVITY 
Vetermine the specific gravity of the snecimen by . means of— 


a).The picnometer or specific gravity bottle. This is done 
according to directions given. 


b). The lactometer.--There are tuu forms of this instrument 
commonly in use. The Suevenne~Muller lactometer, employed largely 
in Europe, gives the specific gravity direct. The lactometer 
of the New York Board of Health reads from 0°, the density of water 
at 15° which corresponds to 1.0, to 120° which represents a specific 
sravity of 1.0348. 100° on this seale represents the specific 
gravity of 1.029 which is taken as the minimum density of genuine 
milk. In the absehce of a lactometer the ordinary urinometer 
mey be used although the divisions are very small and the reading 
consequantily is not accurate. 


Place a sample of the milk in a suitable cylinder or 50cc 
graduate and determine the density. 


Determine the specific gravity of the skimmed milk obtained 
from the following experiment. What is the result? 


What is the affect of the addition of water to milk? To 
Skimmed milk? 


2).Creamometer.--Fill a 50ce graduate to the mark with milk. 
vet aside for 24 hours at the ordinary room temperature. Note the 
volume of the cream and calculate the volume per cent. A good 
milk should give 10-12 per cent of cream. 


Remove the skimmed milk from behow the layer of fream by means 
of a pipette and determine the density according te Lbs 
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8). Total solids.~-Place 2ec of milk in a Sriviousts weighed - 
watch~-giass and evaporate on the water-bath to dryness. Then 
wipe the bottom of the watch-<glass and place in an air+bath at 
100<°.05° for 3 hours. Cool in dessicator and weigh rapidly. 
Jalculate the per cent of total solids. This result subtracted 
from i100 gives per cent of water. 


4), Ash.--Place 5cce of wilk in a previously weighed porcelain 
crucible, evaporate to dryness on the water-—bath. mhen carefully 
ignite so as the thar the mass slowly and thus avoid spurting. 


ta8 ignition must be . , , -ontinued till the ash is grayish-white 
frees from carbon. Cool in desiccator and weigh. Calculate the 


per cent of esh. 


5), Fat.--Roll up in a coil a strio of thick filter paper 
about 2 inches wide and 24 inches long, and tie it with a thresd 
or wire, 5cc of milk is allowed to run slowly on to one end of 
the coil. The coil, Gry end down, is placed on a watch-glass 
ana dried in an air~bath at 100~105° for. One hour, 
st is then placed in a Loxhlet extraction apparatus which is con= 

nected by means of sound well fitting corks to an inverted conden 
ser above and to a 150ce wide neck, round flask, or #rlenmeyer 
lasx below. The weight of the @ean dry flask is first ascere 
ained. By means of a small funnel pour ether into the apparatus 
rom above, until it siphons; then add about half as much ether. 
The flask is now heated, cautiousiy, on a water~bath so that the 
oe ite will act about every five minutes. The extraction will be 

ompiete in Prom 1-1 aso hours. Then remove the paper coil and 
so pie heating tiil the ether fills the extraction apparatus.and 
is almost ready to siphon. Disconnect the flask and transfer 
the ether from the apparatus to a bottie. The flask stili con 
taons some ether, aiso water and fat. Heat on the water-bath 
dryness, wipe the flash carefully, and finally dry, in an air~ 
vath at 100-105° for one hour. Gool in desicator xn weigh. 
Calculate per cent. of fat. Subtract this result from that of 
total solids~--difference, is Solids. not fat. 


f 
¢ 
Ee 
BN 


~ 
~ 


In manipulating with ether great care must be taken to pre 
vent accidents. The corks mist be large enough to fit snugly | 
and the gas must be turned off until everything is in readdness to - 
begin the extraction. "o obtain very accurate results the coil 

of paper should be first extracted with ether to remove what fat 
may be present. 


5). Lactose.--Place about 380cc of water in a beaker, add 
20ce¢c Of milk qnd mix thoroughty. Then add gradually about 2¢e¢ 
of dilute acetic acid, (1~10), with constant stiry ‘ing, till a flocs 
culent precipitate forms. mhe reaction should be destinctly acid. 
Place beaker on a wire gause and heat to boiling for. 1/2 hour. 
Then filter thosugh a wet filter. Rinee the beaker several times 
With hot water, and finally wash the residue on the filter, pro- 
teids and fats, with hot water. Concentrate the mmbined filtrate 
and wash water to about 150cc. Cool and measure the volume of 
Liquid. Determine the lactose in this solution with Fehling's 
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Bolution according to the mathod described. 
LOcce of Fehling's solution correspondg to 0.0672 of milk sugar. 


Calculate the per cent, of lactose. , 


Sa 

7). Caseln.~=“To BOcc of water in a aAmall beaker add 1lOce of 
milk and mix. Warm on the water~bath to 40°, Then add 2473 
ec of potassium alum dolution (110) and stir thoroughly. o 
finely Tlocculent precipitate should settle rapidly and the liquid 
should be clear. Let stand for about 16 minutes at 40°, then filter. 
If the filtrate 148 gloudy pass it again through the filter. Wash 
peveral times with water, Reserve the sombined filtrate and 
washewater for the next determination. ‘j 


Place the fiiter with its contents in a Kjeldahl flask of 
about 250cc capauity, ada ldec HsS0,, 1/4 ge powdered CuSO, and heat 
On wire gause under the hood, till foaming ceases, then add 1Og 
of powdered K,S04 and continue gentle bollding till the liquid is 
light green, Winally add a little powdered KitnO4, on the point 
of a knife, in order to compiste the oxidation and heat till the 
Ziquiad is light grec" in color. Allow to cool, then transfer the 
Contents toa l , ‘Liter Hrlenmoyer flask. Rince out the digeste 
ing flask.several times with water and add this to the acid solution 
Dilute the contents of the flask to about B00e¢e and cool. Add 
& little powdered tale on tha ond of a knife. {neert dn the neck 
of the Plesk a double perforated stoppar rubber, srovided with a 
Reitmaiecr bulb and a thistle tube. The end of the latter should 
reach nearly to the bottom of the flask. A long strip of red Litmus 
paper should ba suspended from the neck of the flask and should 
extend down into the liquid. Connect the free end of the Reitmatier 
bulb with a condenser. The lewer end of the condenser is con» 
nected with a bent tube which extends down into the liquid of the 
receiving Tlask. mhis Tlask should be about 250¢ec¢ capacity 
and contains 60cc of n/lO oxalio acid, which will unite with the 
NH, that will be distilled offs When all is in readiness pour 
‘nto the flask, rer the tube, strong NaOH solution (1-2) until 
the liquid 18 decidedly alkaline. About 60-60 ec. will be required 
Heat the large flask and disti1 over about °00 ce. Then replace 
the receiver by a flask containing 10 ec. of n/10 oznilie acid and 
s0me water and continue the distillation till about 100 cc. of 
distillate passesover,. 


To each of the receivers now add a Pew drops of alcoholic 
rosolic acid and titrate with n/lO NaOH to a strong pink reaction. 
The second flask serves as 2 cheok snd should be free, or nearly 
free Prom ammonia. The differenca between the namber of cc, 
of oxalic acid employed and the number of ca. of n/10 NaOH necessary 
to neutralize the distillate gives the number of cc. of n/l0 Ni, 
given off in the distillation. 


A blank experiment with filter paper, 15 cc. of HeS0,4 and salts 
as above should be carried through in exactly the same manner to 
ascertain how mich NH, may be given off by the reagents themselves. 
The number cf ce. of 2/10 NH, thus found should ba subtracted as a 
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correction from the total number of cco. of n/i0 NH given off in 

‘ the ahove. The difference multipliea by the n/10 factor of nitrogon 
0.0014, gives the amount of nitrogen contained in the casein pre- 
Cipitate from 10 cc. of milk. This amount of nitrogen mitiplied 
by 6.57 gives the amount of casein in 10 cc. of milk. Calculate 
the per cent. of casein. 


8). GLOBULIN AND ATLBUMIN.-~ 
Tne fiitrate from the élum precipitate of casein in th 

preceeding oe contains globulin and aloumin. To this fil- 
trate add i0 cc. Almen'ts tannic acid solution. Filter off the 
voluminous precipi .. of proteids, wash several timeswith water, 
and allow to drain. Place the filter and contents in a Kieldahl 
fiask and determine the ni trogen as aoove, making the proper corree 
tion for blank. The amount of nitrogen found multiplied by the 
factor 6.57 gives the amount of albumin and giobulin in 10 cc. of 
milk, Calculate the per cent. of aibumin and giobulin. 


* 
ara 


Amen's tannic acid solution is prepared according to the follow- 
ing formula: ‘Tannic acid 4 g.3; 8 ce of 25% acetic acid; 90 cc. 


of 90% Riscnch: 100 cc. of water 


9). TOTAL NITROGEN IN MILK.~- | 
Place 10 cc. of milk in a Kjeldahl flask acd 15 cc. of 
HoS0, and treat as above under exp. 7. This gives the total nitro= 
gen Present in the milk and serves as a control on the two preceeding 
determinations. 


A report of the results obtained is to be made out, as f 
together with a statement as to whether the milk is adulterated 
not: 7 

le Specific gravity, whole milk . 34s «ss 


ce cpeciiis eravity,. whole Milks since es 
2. Specific gravity, skimmed miik, .« « © « »« 
oe OCGht, Yer Genes: Gy is ae ee ee ee eee 
4, Water, " * " kee ee ee 
5S. Total solids * eee ee A ee tae 


6. Total solids not fat, per cent of, Peer ea 
1% Fat, per cent of, Tae Guat ee eee elie Saueey eae, ee teed EAS ee 


8. Ash, " " n . eo > ° J 2 a e a G o 
ane * " 6 2 at et eae Wee eee AS am | 


11. Globulin and Albumin, per cont of, « 2% 
12.Total nitrogen as proteid, per cent of. . 


To decide upon the purity of a milx the determination given 

| under (4), 1, (4 see ‘e), 7, are as a rule sufficient. In case 

of doubt the ash may be dotermincd. The legal standard of milk 

varies in different States. In New York the minimum of total 

Pet allowed is 12%; of fat 3 %. In Massachusetts the total 
ids must not Tall below 13%. New Jersey allows a minimum of 
for total ohne 
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The following table, compiled from K$nig, shows the average 
percentage composition of various milk: 


rx} 
03 
«tr 
if 
hom 
° 


Lactose 


Milk of:No. of :Specific:Water:Casein: Albumin ; : : : 
_ tanalyses: Gravity: : ; : : : : 
saveraged: ‘ - : ° ° : : 

we ee diate aia tain nelhaeas crane SEES A EG UR le ae, EIR DORON oe eh a En ot ge et ae ae ee _ hi 
Woman -* 107 Sey O27 iBY.4l to 4403" 2.26 23.78 2 6,213 4.0.50: 
Cow ; . 795 3.0215 (67.17%) S3.02> 0.53 :3.69 : 4.868 : O.7i% 
Cow» : : : : : : : : Ri 
Beeteetram) 42 © ---- °74.67: 4.04: 15.60 33.59 : 2.67 : 1.86¢- 
Goat : 38 : ome 665.9122 8.20% 1.09 24.78 °° 4,46 © Gta. 
Sheep ‘* 32 M2 O94: 300508 $4079 1.55 36.86 1. 4.91.; 0.68: 
Moe AY. CF. 2,0547°90.78*. 3.24: 0.75. 1.21 ¢ 8.67, Gaiam, 
Ass : 4 a deaoa ee BAe ue 1.55 *1.64 + (5.60 @ ever. 
* . P 4 ooo, . S ° 

Hog r 7 ee ann et "84,04: sow 46 85 Oe Ae a 1.03% 
Dog BS 0 nee ee 76.44% 6.102 -G.05 29.57) f  B.09-% Gyree 
_— sas th a och sida nee Senos oo pel al capea-se aeeprereneneseupens oat PS a: x seis iy sed en we cee ae coe ne mre ie ike hoe mopsertmimiseno: ot eee 


APPENDIY, 


EBhrlichis Diazo-reaction. 


The reagent employed for this reaction should be fresiil+ fran 
d. Two solutions are first prepares - ‘ 
| (1}—-To 1000 C.C, of water add 50 C.C. of H Cl and 5 &, of Sule 
phanilie Acid, 
(Q)-—A 0,557 pe tion of Sodium Nitrite, 


Just before use these two solutions can be mixed to form the 
reagent proper as ‘ota 460° 250 €.C. of solution o,7 ait 6 CrCe ae 
solution No. 2. Or, on a smaller scale, to 5 C.C, of lio, lal 34 
“rops of solution No. 2. The Nitrite salu tion is sebiect to, oxidation 
On Standing, and should not therefore be prepared in larse quantity, 


Hix the urine with an ees velume of the reazent, and add 
at ones an excess of N HzO Tl . A pink to a deep red color, an’ 2s 
pecially a pink colored foam, constitutes the diazo-reaction, 
Normal urine as a rule gives a brownish yellow, very rarely a pinke 


ish color. Tne reaction is very rare in Chromie non-febril? jliseas-= 
BS. It is met with as a mae, pebisbitad sited in very iight cass, 27 ta 
Phoid fever, and a certain diagnostic value is therefore ascrib?’ to this 
reaction, It has been foun’ however, in exanthemic typhus, in sma 

POx, in acute initiary tubercalosis, in severe tuberculosis, an: in 
pneumonia, The dissapearancs of the reaction in typhoid urine may 
DS taken as a favorable sign, while the appearance of the reaction in 


tuberculosis is an unfavorable sign. 

tL.2 substance? which gives this reaction is unknown, It is an 
aromatic compound, probably a métabolic product which appears in the 
urine only under certain special conditions, 

The reaction resembles somewhatntne test for nitrites as fiven in 
experinent 11 under Saliva. If nephthylamine is replaced by A-Naph- 
tinol the reaction is sven more similar. 


oP eee a ee ee 
Estimation of Alloxuric Boies and Bases. 


. Urie acid and the mclsin bases are known to possess 4 
@iléxan group and an urea group in their molecule They ars mores 
evar all precipitated on boiling with a solution of Copper Sulkkiphate and 
& Feducing agent, The term Alloxuric bo‘lies has been given te all 
thO6¢ constituents of urine which contain the two croups mantio's 
Detieting from the Alloxuric bo:‘ies the uric acid present in thy urine, 
leaves the alloxuric bases The latter therefore inclu-les tla me 
eléin bases, as well as wee er rolate compounds which hav? not as yet 
been is6lated from the urine. 

: Tha reagents employe are a 13; solution of Copper Sulphate; 
a solution of Sodium aci- Suplbite (12); anda los solution of Tariun 
‘iLoride, fhe method is as follows: 
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Place 100 C,C. of the Albumin-free urine in « hAaakear anit 
boll, then add 10 C.C. of the Copper Sulphate solution an? 10 0,0, of 


tne Sodium aci:? Sulphit? solution and boil. Later atid 5 C,¢, of tim 

Dariuia Chlorive solution in or’‘sr to causes the precipitate to setzle 

wore readily. Let stan twe hours. then transfer to a siall pleit 

ac filter anil wash five tines with water heate:? te soo. Then plaes 

the filter an: contents ina spans flask, an: determine trae Nitresen 
163 
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A blank experiment mst a made, using a lean Tilter paper, tre 
stead of te one With the precipitate. Ths number of C,C, of (écim 


. 
normal Ammonia Which is found in this blank ¢xpésrinent mist be Jecucte 
1 from the a of C.C. found in the above sxperinent, 2119 FL Bee 
ier ne? represents thé ber Ol Cy Cy OF deed norma? gamonia i 
tne Allomiric bodies in 100 C.C. of the urine, Therefors, i 
mer Oo. CYC. mulitip y the ‘Seinormal factor of Nitrogen fives 
Beeroge: in the Alloxuric Bodies, 
In another sample of the urine Ae ek line the amountor the ure 
acid accoriing to the Salkowski-Imndwic metho? as given in the book, 
- : 


i 3 Sie a ss on HAAS es © PRs REA : : Ey rs TS 
Calculate? the amount o ne urie acid as contains’ in 160 €..0C. or 


aa 


5 3 aa 7 30 es PFS Bal VAs » ee ps oan Sie 
irene, Gl: tien tue amount of Vitrocencontains! in tiie urle acid prese 
2 mf no 2) > 
eee) BODO: C.C. of urin?. 


Subtracting the found Nitrogen of uric acid from the found Nitro 
men Of Alloxuric bodies gives the Hitrogen of Allomuriec Basss, 

the ratio of the ila eres n of alloxuric bas 2g to the iitrosen of 
uric acid is about 1—4 in normal urine, In laukamia it may Pise 


l—~1, 


Petemination Of fotal Nitrogen To Urine.— 
Place 5 G0. of of urine ina Kieldahl flask an’? deternine Nitro 
£9n present accorling to Mieldahl's method, Reeeive the cistillate in 


mo OU.eC,. Of decinormal oxalic acid, 
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Quantitative. Analysiq_of Gastric Juices, 


TORPTLUR'S METHOD se-~—The following reacents are necessary: 
ang meee Sodium liydrate? solution, 
(2)--A 1° Alcoholic solution of Phenol-—phthalein, Tunis in deates 


(3)--A LY anueous solution of Sodium olizainsulphonic acid. 
his indicates all acids except the loosely combine, 
(4)--A 0.5; Alcoholic @i-methyl auidoazobenzol solution, This 
incicates only free licl. 
The netho’ is as follows: Misasure out into SG beakers 
10 G.0. Of tha filtere | Gastric Rice. if “necessary & smaller amount 
may be taken, or the Gastric Juie? imay be. Udy te, 
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TO b#AkKer No, 1 att le? Yrops phenol phthaloin, then run in *4ci-~ 
nomial Sodium liyJrate, not to the first pink color, but to a dark rad ¢. 
whieh no loncer increases in depth, Hote the mimber of CeCe of ree 
agent employed. | 

TO beaker ile, 2 add 3--4 Crops of the Alizarin solution an‘ then 
titrate with decinormal Sodium Hydrate until the first pur? violet 


GOlor is reached, Note the mimb4r of C.Cy smployed, 
To peaker Wo. 3 add S=——4 drops of di-methyl amidoazobenzol solu- 
tions A yellow color andicatss the absence of free H Cl, if a red 


color is present run in éescinormal Sodium Hydrate till it just :issap- 
8arsS. Vote the mumber of C.C. saployed. 
The difference between the mumber of C.C. of praises: 36 4iun 
Hydrat® required for serrige No. 1 {total acids) an*® the minh 
required for beaker No. 2 (all acids except loose 
the Ray ecomoined H ol. ; 
the number of require: for beaker Ilo. 2 gives the free Tf Cl 
mn ; si 


C0 
Wwewe 
The mamber of C.C. require for beaker No. 1 gives the total Acid 


rs 


itye 

Tie mumber of C.C. of rearent requir? for beaker ilo. 1 mims the 
number of C,C,. required for beaker ilo, 2, mimis the mimber of C.C. 
found to correspond to the loosely combined H Cl. gives the Organic 
Acids and Acid Salts. 
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The Mitscherlich Polarineter. 


The instrument consists of two ilicol prisms, the polarizer 
and analyzer, enclose] in brass tubes and supported in such a way that 
they can be rotated; the tube containing the analyzer has a pointer 
attached which measures the amount cf its rotation upon a circles 
graduated in csgrees. Between the two Nicols is placed the observm 
ation tube, a brass tube exactly 200 M.li. long, the eanis of which ar? 
closed with glass plates; this holds the oe etickaioes to b9? tested. 

Adjust the instrument as follows 

Place a lamp behin« the ontavi ser and fill the observation 
tube with distille’ water; set the pointer at 0°, and then rotate the 
polarizer until the field becomes darkest. the polarizer must not 
be moved again. : . 

As the instrument now stands, the two Nicols have their pagal ee 
at right angles. If the analyzer is rotated, on? Way or the other, 
the field gradually becomes brighter and is brightest when the pointer 
is at 90°, the sections of the prisms now being parallel. The field 
will be dark again at 180° 
‘Starting with the loleeant adiusted as above, fill the obs2rve 
with th® solution to be testeds If this has. the. power-off 
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rotatias the plane of volarization, the field appears bright; The 
analyzer must now be turne to the richt.or left till the field again 
becomes darkest, thus compensating for gelbituena ticle power of the solu= 
tion, .. This shows whether the substance is lextro or Lawomrotatyr ye. 
By knowing the length of the tube, the Loniekn bin Ul on of the solution,. 
and the number of degrees through which the analyzer was turned, the 
Specific Rotatory Power can be calculated, 
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The.Solesi—ventzke Gaecharins ter: 


This instrument is use) only for the purpose of determining, 
the perecentage.of cane sugar ina given sample 
It consists of two ilicol prisms, the doalaey and polarezer,. and 


the observation tube en between -thems. . between tne polarizer 
and source of light is the regulator, a Nicol prism anil a quartz plate,. 
for the purpose of changing the colors.. Between the analyzer and 


tub? is the compensator: this consists of two wedge~shaped plates, one 
gaeed, &nd the other capable. of being slid over it, thus inereasing or: 
diminishing the thickness of the crystal through which the polarized 
ray passes, Fas tened to the movable plate is a scale gratated so 
that it canbe rea’ to tenths of one percent; the reading is -lone by 
means Of a vernier an telescope, The source of light 18 4 Jame 
placed back of the polarizer, 

With the seale reading at 09°, and the tubs fille! with dis+.. 
tille’ water, the field appears as a colored circle, livide? verticale: 
Ly, -and both halves of exactly the same suade of color,.. This. colar 
may be change: by simply rotating the regulator,,. For most persons.: 
the "sensitive tint" is a ross violet, | 

Now fill the tube with.a solution of can? sugar, prepared 

as given bellow, The plane of polarization is deviated, and the two 

Jisks are of different colors. Then turn the serew of the compense 
‘ator till the disks are arain of the same shade, thus compensating. for 
the deviating effect of the surar. The percentace of canes surar can 
now be read distinetly from the scale, : 

The instrument is so made tha't with a solution of Pus? -cane- 
Sugar-comtaining 26,043 grms, in 100 ¢.C, at 17,59 0, the reading will 
be 100%, Beneaacnils, in making a tetera tion, dissolve 26, 048 

Substance in distilled water at 17.5°, and dilute te 100 
reading obtained will be the percentape of -erre-sagar in 


= 
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APPENDIX VI. int 


PAR OR BAD. 


The pancreatic secretion is a clear thick alkaline fluid, rich in 
solids and poseess very active ferment properties. It contains at least 
three distinct frments besides albumen, leucin, fats, soap, and salts. 
These solid constitients make up about 10% of the secretion. After a 
pancreatic fistula has been in place for sometime the secretion is 
altered. It becomes thiner, strongly alkaline and shows little or no 
proteclytic action. The amount of solids in this altered secretion 
scarcely exceeds 2 per cent. The quantity of the secretion given off 
in a period of 24 hours is not definitely known. 

The ingestion of food stimulates the flow of the gastric juice.. 
There is, therefore, no secretion during starvation and in carniverous 
animals where some time elapses between meals it is intermittent. On . 
the other hand the secretion is going on almost continually in herbiv- 
orous animals because digestion is uninterruptedly taking place. 


As stated above the pancreatic secretion contains at least three 
distinct ferments or enzymes splitting up respectively fats, carbohy- 
drates and proteids. 

The neutral fat which is taken into the body with the food is 
acted upon by one of the ferments steapsin or pialyn and is split up by 
hydration saponification into free fatty acids and glycerin. This 
ferment is very readily decomposed by acids and may be absent therefore 
from old pancreas. Only a small portion of the fat, however, undergoes 
this change. The free acids now combine with sodium carbonate to form 
soaps and the resulting soap solution readily emusifies the 
remaining neutral fat and thvs brings it into a finely dividea von- 
dition suitable for absorption. A considerable portion of the fat , 
at times, be decomposed into free fatty acids through the activity of 
bacteria. The free fatty acids are not absorbed as such, but appear 
to be regenerated in the intestinal walls, by synthein, into neutral 
fat. Only a very small amount of fat seems to be absorbed as soap: 

The cleavage of fats by the pancreatic ferment and the subsequent 
emulsification is necessary to the proper absorption of fats. In ad~ 
dition to the pancreatic secretion, the bile plays and important part 
in the absorption of fat. It is well known that closure of the bile-, - 
duct, whether experimentally, or in disease as in icturus, is followed 
by diminished absorption of fat and increased excretion of fat, more 
especially fatty acids, in the feces. Some part, nowever, continues 
to be absorbed even in the absénce of the bile secretion, 

The pancreatic secretion, however, is necessary since no absorption of 
fat takes place when the pancreas is extirpated. In the latter case, 
however, milk continues to be absorbed owing to the already emulsified 
condition of the fat. Some fat may,at times , be absorbed even after 
total extirpation of the pancreas since bacterial ferments may split 
up the fat and thus emulsification and hence absorption may result. 


The second ferment of the pancreas acts on starches splitting up 
the bodies into dextrin and iso-maltose. This ferment is spoken of as 
amylolytic or diastatic and resembles in its action the ptyalin of the 
Saliva. It ie probably not identical with the saliva ferment. It is 
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BoluRble in water, and in glycerin; insoluable in alcohol. This 
G@iastatic ferment appears to be absent during the first few weeks of 
dnfant *ife. At the temperature of the body it acts rapidly on betled 
etaréh: converting this inte amylodextrin, erythrodextrin, achroodex- 
trin, iso-maltose and maltose. By the action of a special inverting 
ferment the maltose then is vonverted into glucose in which form the 
carbohydrates are ch&eflvy absorbed. Other mono-saccharides as lLaeVule 
lose and galactose may also be absorbed direct. It is possible for 
small amounts of dextrin and for milk sugar to reach absorption, 

Sugar is absorbed very rapidly so much so, indeed, that if a very 
large amount be ingested at one time it appears in the urine. This cor 
ditionknown as alimentary glycosuria, does not accur when large 
quantities of starch are ingested. Although the pancreatic gland is 
necessary to the complete absorption of all the starch ingested, it is 
a note-worthy fact that about one-half of the starch ingested will 
still be absorbed after total extirpation of the pancreatic gland. 
This may be explained by the diastatic action possessed by many bacter- 
ia. 


The third ferment of the pancreatic secretion is proteolytic in 
its action and is known as trypsin. This ferment does not exist as 
Such in the substance of the gland but is represented by a parent-—sub- 
stance trypsinogen which is most abundant in the gland in from 14-18 
hours after a meal. This zymogin during the process of secretion. is 
converted into enzyme trypsin. Just how this takes place is not 
definitely known. This conversion con be accomplished artificially 
by the action of air, water, acids, very weak alkalis ana various other 
Substances. It is probable that, as in the case of pepsin, the pan- 
creatic secretion of different animals contains slightly different 
trypsins. Stronger alkalis present the cleavage of the zymogen. 

Trypsin, like other ferments, in its purest condition proteid re- 
actions. It is scluable in wat er, insoluable in alcohol and glycerin, 
When in an impure state, however, it may be dissolved by glycerin. 

This is true of the other enzymes. In neutral or slightly alkaline 
solution it is readily destroyed at 50 degrees. It is also destroyed 
by gastric juice and unlike pepsin it digests fibrin in alkaline, 
neutral or even very fainly acid solutions. It is destroyed by 
mineral acids but not as a rule by organic acids. The fibrin in 
tryptic digestion does not swell and is not irregularly eaten away as 
is the case in peptic digestion. The fibrin digestion with 

trypsin takes place most = at about 40 degrees and in slightly 
alkaline solution ( 0. 3% Nay Co 

In view of the fact thet eer acts best under the conditions 
mentioned, it is evident that the products of the tryptic digestion 
will be mixed with various bacterial products unless special attention 
is given toward inhibiting the growth of these miSro-organisms. 

In, actual experiments therefore thymol or chloroform is added to 

_suppress the bacteria. In the intestines, of course, during — 
Puu.creatic digestion the bacteria are unhindered in teir action. 
Ameng the products resulting from the action of trypsin proper, .. 
on fibrin may be mentioned albumoses, pepton, leucin, tyrosin, aspara= 
ginie acid, lysin, ammonia and proteinochromogen. True pepton is 
formed much more readily in tryptic than in peptic digestion. This 
pepton is eventually : of the kind known as antipepton, whereas 
the hemipepton has beer. decomposed yielding products su¢eh as leucin, 


tryosin etc, rypsin dissolves gelatin yielding a gejat in-pepton. 
The eollagens Or gelatin-yielding conneétive tissues are not acted 

upon until they have been altered by heat or acids. Trypsin has no 
action on fats or carbohydrates, 
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